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(54) SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device which can 
suppress generation of a short channel effects and the junction leakage 
current and which has a diffusion layer of a low resistance and a short 
transmission delay time. 

SOLUTION: On a side wall of the gate electrode 3 projecting on a 
substrate la structure having a plurality of laminated filmsthat isa 
plurality of side wall layer structures 4 and 5 are disposed. A gap 10a 
generated by the separation of the side wall layer 5 from the substrate 
1 is filled with at least part of an elevated source and drain region 8. 



CLAIMS 



[Claim(s) ] 

[Claim l]A semiconductor device characterized by what it is [ a thing ] 
characterized by comprising the following. 



A silicon substrate. 

Gate dielectric film provided in said silicon substrate surface. 
A gate electrode provided on said gate dielectric film. 
The 1st sidewall layers that are provided in the side of said gate 
electrode and reach said silicon substrate surfaceAn EREBETEDDO field 
which grew silicon epitaxially to said silicon substrate surfaceThe 2nd 
sidewall layers that consist of material which was provided in sidewall 
layers of said gate electrode via said 1st sidewall layershas estranged 
by said EREBETEDDO field with said silicon substrate surfaceand is 
different from said 1st sidewall layersThe source region and a drain 
area which were provided into said silicon substrateare in contact with 
said EREBETEDDO fieldand have the same conductivity type as said 
EREBETEDDO field. 

[Claim 2] A semiconductor device currently filling in said EREBETEDDO 
field in a semiconductor device of claim 1 between said 2nd sidewall 
layers estranged from said silicon substrateand said silicon substrate. 
[Claim 3] A semiconductor devicewherein an opening is formed between said 
1st sidewall layers and said EREBETEDDO field in a semiconductor device 
of claim 1. 

[Claim 4] In a semiconductor device of claim lan angle which a side edge 
of said EREBETEDDO field and a silicon substrate surface accomplish 
thetaA semiconductor device characterized by fulfilling conditions of 
x>y/tantheta when a size of a perpendicular direction of a gap of xsaid 
substrateand said 2nd sidewall layers is set to y for a size between 
said gate-dielectric-film end and said 2nd sidewall-layers periphery 
edge. 

[Claim 5] A semiconductor devicewherein said silicon substrate has an 
isolation region and said at least a part of EREBETEDDO field extends on 
an isolation region in a semiconductor device of claim 1. 
[Claim 6] In a semiconductor device of claim 5said EREBETEDDO field 
distance which grew an isolation region top epitaxially in a transverse 
direction tA semiconductor device characterized by filling t>s/tanphi 
when an angle of the side of said EREBETEDDO field on s and said 
isolation region and said silicon substrate surface to accomplish is set 
to phi for the thickness. 

[Claim 7]A manufacturing method of a semiconductor device characterized 
by comprising the following. 

A process of forming gate dielectric film on a silicon substrate. 

A process of forming a gate electrode on this gate dielectric film. 

A process of forming the 1st insulator layer on said substrate so that 



the upper surface and sidewall layers of said gate dielectric film and 
said gate electrode may be covered. 

A process of forming the 2nd insulator layer that consists of a 
different material from this 1st insulator layer on said 1st insulator 
layerA process which etches the surface of said 2nd insulator layer as 
an etching stopper [ as opposed to said silicon substrate for said 1st 
insulator layer ]and makes sidewall layers of said gate electrode save 
said 2nd insulator layer selectively via said 1st insulator layerA 
process of removing by etching said 1st insulator layer of a field which 
is not covered with said 2nd insulator layerand exposing the surface of 
said silicon substrate of the said 1st and 2nd circumferences of an 
insulator layerA process of growing silicon epitaxially to this exposed 
silicon substrate surfaceand forming an EREBETEDDO field in itand a 
process of said EREBETEDDO field of changing a surface portion into a 
metal silicide film at least. 

[Claim 8]A manufacturing method of a semiconductor device characterized 
by comprising the following. 

A process of forming gate dielectric film on a silicon substrate. 
A process of forming a gate electrode on this gate dielectric film. 
A process of forming the 1st insulator layer on said substrate so that 
the upper surface and sidewall layers of said gate dielectric film and 
said gate electrode may be covered. 

A process of forming the 2nd insulator layer that consists of a 
different material from this 1st insulator layer on said 1st insulator 
layerA process which etches the surface of said 2nd insulator layer as 
an etching stopper [ as opposed to said silicon substrate for said 1st 
insulator layer ]and makes sidewall layers of said gate electrode save 
said 2nd insulator layer selectively via said 1st insulator layerA 
process of removing by etching said 1st insulator layer of a field which 
is not covered with said 2nd insulator layerand exposing the surface of 
said silicon substrate of the said 1st and 2nd circumferences of an 
insulator layerA process of growing silicon epitaxially and forming an 
EREBETEDDO field while passing gas containing a conductivity-type 
impurity of III fellows or V fellows to this exposed silicon substrate 
surfaceand a process of said EREBETEDDO field of changing a surface 
portion into a metal silicide film at least. 

[Claim 9]A manufacturing method of a semiconductor device characterized 
by comprising the following. 

A process of forming gate dielectric film on a silicon substrate. 



A process of forming a gate electrode on this gate dielectric film. 
A process of forming the 1st insulator layer on said substrate so that 
the upper surface and sidewall layers of said gate dielectric film and 
said gate electrode may be covered. 

A process of forming the 2nd insulator layer that consists of a 
different material from this 1st insulator layer on said 1st insulator 
layerA process which etches the surface of said 2nd insulator layer as 
an etching stopper [ as opposed to said silicon substrate for said 1st 
insulator layer ]and makes sidewall layers of said gate electrode save 
said 2nd insulator layer selectively via said 1st insulator layerA 
process of removing by etching said 1st insulator layer of a field which 
is not covered with said 2nd insulator layerand exposing the surface of 
said silicon substrate of the said 1st and 2nd circumferences of an 
insulator layerA process of growing silicon epitaxially to this exposed 
silicon substrate surfaceand forming an EREBETEDDO field in itA process 
of forming a diffusion zone by introducing a conductivity-type impurity 
into said EREBETEDDO field by an ion implantationand performing 
anneal ingand a process of said EREBETEDDO field of changing a surface 
portion into a metal silicide film at least. 

[Claim 10] A manufacturing method of a semiconductor device characterized 
by comprising the following. 

A process of forming gate dielectric film on a silicon substrate. 
A process of forming a gate electrode on this gate dielectric film. 
A process of forming the 1st insulator layer on said substrate so that 
the upper surface and sidewall layers of said gate dielectric film and 
said gate electrode may be covered. 

A process of forming the 2nd insulator layer that consists of a 
different material from this 1st insulator layer on said 1st insulator 
layerA process which etches the surface of said 2nd insulator layer as 
an etching stopper [ as opposed to said silicon substrate for said 1st 
insulator layer ]and makes sidewall layers of said gate electrode save 
said 2nd insulator layer selectively via said 1st insulator layerA 
process of forming a source diffused layer and a drain diffused layer 
into said silicon substrate by performing annealing after introducing an 
impurity by an ion implantation into said silicon substrateA process of 
removing by etching said 1st insulator layer of a field which is not 
covered with said 2nd insulator layerand exposing the surface of said 
silicon substrate of the said 1st and 2nd circumferences of an insulator 
layerA process of growing silicon epitaxially and forming an EREBETEDDO 
field while passing gas containing a conductivity-type impurity of III 



fellows or V fellows to this exposed silicon substrate surfaceand a 
process of said EREBETEDDO field of changing a surface portion into a 
metal silicide film at least. 

[Claim 11]A manufacturing method of a semiconductor device characterized 
by comprising the following. 

A process of forming gate dielectric film on a silicon substrate. 
A process of forming a gate electrode on this gate dielectric film. 
A process of forming the 1st insulator layer on said substrate so that 
the upper surface and sidewall layers of said gate dielectric film and 
said gate electrode may be covered. 

A process of forming the 2nd insulator layer that consists of a 
different material from this 1st insulator layer on said 1st insulator 
layerA process which etches the surface of said 2nd insulator layer as 
an etching stopper [ as opposed to said silicon substrate for said 1st 
insulator layer ]and makes sidewall layers of said gate electrode save 
said 2nd insulator layer selectively via said 1st insulator layerA 
process of removing by etching said 1st insulator layer of a field which 
is not covered with said 2nd insulator layerand exposing the surface of 
said silicon substrate of the said 1st and 2nd circumferences of an 
insulator layerA process of growing silicon epitaxially and forming an 
EREBETEDDO field while passing gas containing a conductivity-type 
impurity of III fellows or V fellows to this exposed silicon substrate 
surfaceA process of forming a source diffused layer and a drain diffused 
layer into said silicon substrate by performing annealing after 
introducing an impurity by an ion implantation into said silicon 
substrateand a process of said EREBETEDDO field of changing a surface 
portion into a metal silicide film at least. 

[Claim 12]A manufacturing method of a semiconductor device characterized 
by comprising the following. 

A process of forming an isolation region in a silicon substrate. 
A process of forming gate dielectric film on a silicon substrate. 
A process of forming a gate electrode on this gate dielectric film. 
So that the upper surface and sidewall layers of said gate dielectric 
film and said gate electrode may be coveredA process of forming the 2nd 
insulator layer that consists of a different material from this 1st 
insulator layer on a process of forming the 1st insulator layer on said 
substrateand said 1st insulator layerA process which etches the surface 
of said 2nd insulator layer as an etching stopper [ as opposed to said 
silicon substrate for said 1st insulator layer ]and makes sidewall 



layers of said gate electrode save said 2nd insulator layer selectively 
via said 1st insulator layerA process of exposing the surface of said 
silicon substrate which removes by etching said 1st insulator layer of a 
field which is not covered with said 2nd insulator layerand includes 
said isolation region of the said 1st and 2nd circumferences of an 
insulator layerA process of growing silicon epitaxial ly and forming an 
EREBETEDDO field so that it may extend on said isolation region in this 
exposed silicon substrate surfaceand a process of said EREBETEDDO field 
of changing a surface portion into a metal silicide film at least. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to an MIS 
[ which has EREBETEDDO sauce / drain structure ] type semiconductor 
deviceand a manufacturing method for the same about the manufacturing 
method of a semiconductor device and a semiconductor device. 
[0002] 

[Description of the Prior Art] In recent yearsthe integrated circuit 
which accumulated many transistorsresistanceetc. on the semiconductor 
substrate is widely used for the significant part of a computer or 
communication equipment. Howeverthe design rule is also reduced with 
high integration of an element every year. And in the MIS type 
integrated circuitin order to inhibit the short channel effect 
accompanying gate length' s reductionit is required that the diffusion- 
zone depth should be made shallow. It is necessary to prevent increase 
of resistance by the diffusion-zone depth becoming shallow 
simultaneously. The structurei. e. EREBETEDDO sauce / drain structurein 
which only sauce/drain area lifted silicon shallowly by making the 
diffusion-zone depth into the method of keeping diffusion-zone 
resistance lowThe silicide which is a compound of silicon and metal is 
validated by the technique of combining Salicide formed in self align 
(et al. 1995 Symposium on VLSI T. Yoshitomi). Technology Digest 
of Technical Papers p. 11. 

[0003] The formation of this EREBETEDDO sauce / drain structure itself 
can include what is depended on vapor phase epitaxial growth and solid 
phase epitaxial growthand it is tried by also until by some methods. 
Howeverin epitaxial growtha facet is produced during epitaxial growth 



near the isolation near the gate oxidethe time of the ion implantation 
process which epitaxial growth thickness in these neighborhood cannot 
enough be thickenedespecially continues due to the fall of the epitaxial 
growth thickness near the gate — an impurity — a substrate — until 
pouring will be carried out deeply and a short channel effect will be 
produced. In the case of the silicide process of furthermore 
continuingthe distance from pn junction will become short and will 
produce joint leakage. In order to control leak of this silicide 
reasonbefore the silicide processthe process of newly forming a sidewall 
on EREBETEDDO sauce / drain area was neededand there were problemslike a 
routing counter increases. The distance between the gate electrode- 
source region or between gate electrode-drain areas will approach as the 
minuteness making of an element progressesand there are also short- 
circuiting electrically and a problem. 
[0004] 

[Problem (s) to be Solved by the Invent ion] The semiconductor device and 
manufacturing method with which leak and a short circuit were controlled 
from the above-mentioned conventional problem in the semiconductor 
device which has EREBETEDDO sauce / drain structure and which have a 
shallow and low resistance diffusion zone were demanded. 
[0005] 

[Means for Solving the Problem]Gate dielectric film in which the 1st 
mode of this invention was provided in a silicon substrate and said 
silicon substrate surfaceA gate electrode provided on said gate 
dielectric filmand the 1st sidewall layers that are provided in the side 
of said gate electrode and reach said silicon substrate surfaceAn 
EREBETEDDO field which grew silicon epitaxially to said silicon 
substrate surfaceThe 2nd sidewall layers that consist of material which 
was provided in sidewall layers of said gate electrode via said 1st 
sidewall layershas estranged by said EREBETEDDO field with said silicon 
substrate surfaceand is different from said 1st sidewall layerslt was 
provided into said silicon substrateis in contact with said EREBETEDDO 
fieldand is in a semiconductor device characterizing by having the 
source region and a drain area which have the same conductivity type as 
said EREBETEDDO field. 

[0006] It is considered as sidewall-layers structure which becomes a gate 
electrode side of MIS type elementssuch as a transistor and 
resistancefrom two or more layers laminated by silicon substrate face 
directionand leakage current of a tunneling reason between a gatesauceor 
a drain is controlled. 

[0007]A substance equivalent to the 1st sidewall layers of a portion 



which formed a gap in the 2nd sidewall-layers end and a silicon 
substrate surfaceand was pinched in this gap when a side far from the 
1st sidewall layers and a gate electrode is made [ two or more sidewall 
layers ] into the 2nd sidewall layers for a side near a gate electrode 
is lostThe neighborhood of the distance of these fields and channels is 
carried out by arranging EREBETEDDO sauce / drain area. Since a 
diffusion zone of a substrate under a described area and distance of the 
bottom of gate edge of a channel can suppress diffusion length of the 
neighborhood and an impurity at the time of dif fusion-zone formation and 
can also control the diffusion-zone depth by thisa short channel effect 
can be inhibited. 

[0008] In the 1st modeif it constitutes so that generating of a facet at 
the time of epitaxial growth may be controlledand it is made to be 
filled in an EREBETEDDO field between the 2nd sidewall layers and a 
silicon substratea short channel effect and leak can be controlled. 
Usuallya crystal face with a certain specific indices of crystal plane 
called a facet at the time of epitaxial growth will be formedand 
epitaxial growth of the plane direction will be controlled. In solid 
phase epitaxial growthespecially {110} sides have an epitaxial growth 
rate about twice [ about ] as slow as {100} sidesand {111} sides have an 
epitaxial growth rate slower than {100} sides about about 20 times. 
Usuallyalthough a silicon substrate with {100} sides is usedan epitaxial 
growth face is in a tendency which forms a field where a growth rate of 
not only {100} sides but {110} sides {111} sidesetc. is slow. There is a 
tendency which forms {311} sides similarly in the case of vapor phase 
epitaxial growth. When DHF processing is not enoughan epitaxial growth 
layer will produce a facet by considering gate dielectric film as a 
reason. 

[0009] Although amorphous silicon (it is hereafter written as a-Si) which 
deposited this on an insulator layer is weakit has combined with an atom 
which constitutes an insulator layerand it is thought that a difference 
of the binding energy is reflected. It became clear that it was easier 
to generate a facet by this invention person* s experiment [ near the 
silicon oxide ] than [ near the silicon nitride film ]. Thereforeunder 
conditions to which a facet is formed by considering an oxide film as a 
reason when gate dielectric film is an oxide filmbut an epitaxial growth 
face touches under a sidewall of a silicon nitride filmA sidewall top 
can be grown epitaxially without forming a facet with a silicon nitride 
film. In solid phase epitaxial growthan amorphous silicon will be filled 
with said etching region without an openingand will form a facet in 
early stages of growth by continuing solid phase epitaxial growthbut. 



Although it is latein order to grow up also in a facet surfaceall 
amorphous silicons it was [ amorphous silicons ] full of said etching 
region are crystallized by fully carrying out solid phase epitaxial 
growth. 

[0010]Since said silicide film can be enough separated from pn junction 
if it is made to grow epitaxially until an EREBETEDDO field touches said 
2nd sidewall-layers side by this inventionand epitaxial thickness near 
[ said ] the 2nd sidewall layers is made thick enoughleak of said 
silicide film reason can be controlled. 

[0011] If it constitutes from this invention so that an opening may be 
formed between the 1st sidewall layers and said EREBETEDDO field when a 
facet originatesan opening isolates between a gate electrodeand 
EREBETEDDO sauce / drainand since an opening is a lower dielectric 
constantit can reduce parasitic capacitance. 

[0012] It is preferred that thickness on a substrate of an EREBETEDDO 
field of a portion surrounded by a substratethe 1st sidewall layersand 
the 2nd sidewall layers makes it larger than clearance of a substrate 
and the 2nd sidewall layers. When a size of a perpendicular direction of 
a gap of xa substrateand the 2nd sidewall layers is set [ an angle which 
a side edge of an EREBETEDDO field and a silicon substrate surface 
accomplish ] to y for a size between thetaa gate-dielectric-f ilm endand 
the 2nd sidewall-layers periphery edgeit is desirable to fulfill 
conditions of x>y/tantheta. 

[0013] It is desirable for an EREBETEDDO field to contain a conductive 
impurity more than a solid-solution limit. 

[0014] A silicon substrate has an isolation region and at least a part of 
EREBETEDDO field can apply this invention to composition which extends 
on an isolation region. 

[0015] In said extension compositionan EREBETEDDO field distance which 
grew an isolation region top epitaxially in a transverse direction tit 
is desirable to fill t>s/tanphiwhen an angle of the side of said 
EREBETEDDO field on s and an isolation region and said silicon substrate 
surface to accomplish is set to phi for the thickness. 
[0016] It is desirable for a periphery of the 2nd sidewall layers to 
estrange and exist above an isolation regionand for an EREBETEDDO field 
which grew epitaxially considering the source region or a drain area of 
a silicon substrate as a seed part to exist between the 2nd sidewall 
layers and said isolation region. 

[0017] It is desirable for the source region or a drain area to contain a 
silicide film of metal or a refractory metal. 

[0018] In extension composit ionit is desirable for a silicide film of 



metal or a refractory metal to exist only in an EREBETEDDO field on an 
isolation region. 

[0019] A gate electrode can be used as metal. 

[0020] The following methods are used for another mode of this invention 
in order that at least some fields between a gate electrodeand 
EREBETEDDO sauce / drain area may make itstructuresi. e. two or more 
sidewall-layers structureswhich two or more films which consist of a 
suitable order laminated. 

[0021]Namelyso that the upper surface and sidewall layers of a process 
of forming gate dielectric film on a silicon substratea process of 
forming a gate electrode on this gate dielectric filmand said gate 
dielectric film and said gate electrode may be coveredA process of 
forming the 2nd insulator layer that consists of a different material 
from this 1st insulator layer on a process of forming the 1st insulator 
layer on said substrateand said 1st insulator layerA process which 
etches the surface of said 2nd insulator layer as an etching stopper 
[ as opposed to said silicon substrate for said 1st insulator layer ]and 
makes sidewall layers of said gate electrode save said 2nd insulator 
layer selectively via said 1st insulator layerA process of removing by 
etching said 1st insulator layer of a field which is not covered with 
said 2nd insulator layerand exposing the surface of said silicon 
substrate of the said 1st and 2nd circumferences of an insulator layerlt 
has a process of growing silicon epitaxially to this exposed silicon 
substrate surfaceand forming an EREBETEDDO field in itand a process of 
said EREBETEDDO field of changing a surface portion into a metal 
silicide film at least. 

[0022]By passing simultaneously gas which replaces a part of this mode 
withfor examplecontains a conductivity-type impurity at the time of 
epitaxial growtha conductivity-type impurity can be included in an 
epitaxial filman ion implantation and a sidewall removal process can be 
skippedand a process can be simplified. 

[0023]As gas containing this conductivity-type impuritygas containing a 
conductivity-type impurity of III fellows or V fellows can be used. 
[0024]A process of forming a diffusion zone can be added by introducing 
a conductivity-type impurity into an EREBETEDDO field by an ion 
implantationand performing annealing. 

[0025] Other modes of this invention so that the upper surface and 
sidewall layers of a process of forming gate dielectric film on a 
silicon substratea process of forming a gate electrode on this gate 
dielectric filmand said gate dielectric film and said gate electrode may 
be coveredA process of forming the 2nd insulator layer that consists of 



a different material from this 1st insulator layer on a process of 
forming the 1st insulator layer on said substrateand said 1st insulator 
layerA process which etches the surface of said 2nd insulator layer as 
an etching stopper [ as opposed to said silicon substrate for said 1st 
insulator layer ]and makes sidewall layers of said gate electrode save 
said 2nd insulator layer selectively via said 1st insulator layerA 
process of forming a source diffused layer and a drain diffused layer 
into said silicon substrate by performing annealing after introducing an 
impurity by an ion implantation into said silicon substrateA process of 
removing by etching said 1st insulator layer of a field which is not 
covered with said 2nd insulator layerand exposing the surface of said 
silicon substrate of the said 1st and 2nd circumferences of an insulator 
layerA process of growing silicon epitaxially and forming an EREBETEDDO 
field while passing gas containing a conductivity-type impurity of III 
fellows or V fellows to this exposed silicon substrate surfaceA 
manufacturing method of a semiconductor device provided with a process 
of said EREBETEDDO field of changing a surface portion into a metal 
silicide film at least is obtained. 

[0026]0ther modes so that the upper surface and sidewall layers of a 
process of forming gate dielectric film on a silicon substratea process 
of forming a gate electrode on this gate dielectric filmand said gate 
dielectric film and said gate electrode may be coveredA process of 
forming the 2nd insulator layer that consists of a different material 
from this 1st insulator layer on a process of forming the 1st insulator 
layer on said substrateand said 1st insulator layerA process which 
etches the surface of said 2nd insulator layer as an etching stopper 
[ as opposed to said silicon substrate for said 1st insulator layer ]and 
makes sidewall layers of said gate electrode save said 2nd insulator 
layer selectively via said 1st insulator layerA process of removing by 
etching said 1st insulator layer of a field which is not covered with 
said 2nd insulator layerand exposing the surface of said silicon 
substrate of the said 1st and 2nd circumferences of an insulator layerA 
process of growing silicon epitaxially and forming an EREBETEDDO field 
while passing gas containing a conductivity-type impurity of III fellows 
or V fellows to this exposed silicon substrate surfaceA process of 
forming a source diffused layer and a drain diffused layer into said 
silicon substrate by performing annealing after introducing an impurity 
by an ion implantation into said silicon substrateA manufacturing method 
of a semiconductor device provided with a process of said EREBETEDDO 
field of changing a surface portion into a metal silicide film at least 
is obtained. 



[0027] It is desirable to remove thoroughly the 1st insulator layer of a 
field between silicon substrates under the 2nd insulator layer by 
etching. 

[0028] It is desirable that it is what it is etched so that a part of 1st 
insulator layer of a field between silicon substrates under the 2nd 
insulator layer may remainand epitaxial growth depends on deposition and 
solid phase growth of an amorphous silicon. 

[0029] It is desirable to remove a part of 1st insulator layer between 
the 2nd insulator layer and a gate electrode by etching. 
[0030]A process at which other modes of this invention form an isolation 
region in a silicon substrateSo that the upper surface and sidewall 
layers of a process of forming gate dielectric film on a silicon 
substratea process of forming a gate electrode on this gate dielectric 
filmand said gate dielectric film and said gate electrode may be 
coveredA process of forming the 2nd insulator layer that consists of a 
different material from this 1st insulator layer on a process of forming 
the 1st insulator layer on said substrateand said 1st insulator layerA 
process which etches the surface of said 2nd insulator layer as an 
etching stopper [ as opposed to said silicon substrate for said 1st 
insulator layer ]and makes sidewall layers of said gate electrode save 
said 2nd insulator layer selectively via said 1st insulator layerA 
process of exposing the surface of said silicon substrate which removes 
by etching said 1st insulator layer of a field which is not covered with 
said 2nd insulator layerand includes said isolation region of the said 
1st and 2nd circumferences of an insulator layerA process of growing 
silicon epitaxially and forming an EREBETEDDO field so that it may 
extend on said isolation region in this exposed silicon substrate 
surfacelt is in a manufacturing method of a semiconductor device 
provided with a process of said EREBETEDDO field of changing a surface 
portion into a metal silicide film at least. 

[0031] It is desirable to start a process of forming a metal silicide 
filmonly in the epitaxially grown surface on an isolation region. 
[0032] It is desirable to be formed so that a part of 2nd saved insulator 
layer may extend on an isolation region. 

[0033] It is as desirable as epitaxial growth Takumi to include a process 
of removing at least a part of 2nd insulator layer behind. 
[0034] moreover — in a manufacturing method which forms said isolation 
region — a DAMASHIN process — that isA process of carrying out 
flattening of the interlayer insulation filmand exposing the gate 
electrode surface after depositing an interlayer insulation film on a 
gate electrodethe 2nd insulator layerthe EREBETEDDO source regionan 



EREBETEDDO drain areaand an isolation regionA gate electrode and a 
process of removing gate oxide subsequently and exposing a silicon 
substrate surfaceA process of newly forming gate dielectric film in a 
silicon substrate surface and an insulation film side wall layer inner 
surface which were exposedand a process of newly forming a gate 
electrode via gate dielectric film which is on an exposed surface of a 
silicon substrate and was newly formed can be added. 
[0035] 

[Embodiment of the Invention] Hereaf terthis invention is explained with 
reference to drawings based on an example. 

(The 1st example) Drawing 1 and drawing 2 are the sectional views of 
process order [ of the 1st example ] (a) - (j). On the semiconductor 
substrate 1 which comprises silicon firstthe vadum type isolation region 
(STI) 11 is formedand the element region la is formed. Nextform the gate 
dielectric film 2 (drawing 1 (a)) next the gate electrode 3 which 
consists of polycrystalline silicon is made to deposit (drawing 1 
(b)) After passing through a lithography stepa gate electrode is 
processedthe anisotropic etching (Reactive Ion Etching) for exampleRIEby 
plasmaand it forms so that it may project from the substrate 1 (drawing 
1 (c)). Thena gate electrode is oxidized (it is hereafter called an 
after [ a gate ] oxidation process) and the 1st sidewall layers 4 are 
formed (drawing 1 (d)). The surface which serves as the source region / 
drain area 8 at the time of an after [ this gate ] oxidation process 
also oxidizes. Nextafter making the silicon nitride film (Si 3 N 4 ) 5 
deposit with a CVD (chemical vapor deposition) device (drawing 1 (e))a 
silicon nitride film is formed only beside a gate electrode by the 
anisotropic etching by plasma (drawing 1 (f)). Howevera part of gate 
dielectric film on the source region / drain area 8 and silicon oxide 
may be deleted by the anisotropic etching by this plasma. 
[0036] A liner layer (Si0 2 )for examplesilicon oxidemay be made to deposit 
with a CVD system if needed before said silicon nitride film 5 
depositionand also the process annealed if needed may be included. The 
deposition apparatus of this liner layer or a silicon nitride film may 
not be restricted to a CVD systemand may use a sputter devicean 
evaporation apparatusetc. The multilayer film which does not restrict to 
silicon oxide and consists of two or more sorts shall be sufficient as a 
liner layer. 

[0037]the case where there are gate post oxide films (oxide film **** on 
sauce/drain area) and a liner layer hereafter — it — in all — it 
being called the 1st sidewall layers andlt supposes that the silicon 
nitride film 5 beside a gate electrode is called the 2nd sidewall 



layersand also even if it forms the film of further others in the side 
of a silicon nitride filmit names genericallyand it is called the 2nd 
sidewall layers. Howeverthese 2nd sidewall layers are not restricted to 
a silicon nitride film. Said silicon substrate assumes that germanium 
may be included. Gate dielectric film including silicon oxide and a 
silicon oxynitriding film A high dielectric filmThe oxide film or 
silicate film which contains at least a kind of element which is a film 
of high permittivityfor exampleis specifically chosen from 
TiZrHfTaLaaluminumBaSrYPrand Gd from a silicon oxide can be used. 
[0038]FurthermoreTi0 2 and Ta 2 0 5 Single crystal membranesuch as 
BSTSi 3 N 4 Al 2 03Y 2 03La 2 03Hf0 2 Zr0 2 Pr 2 0 3 SrTi03and Gd 2 0 3 Polycrystal membrane and 
amorphous films can be used. 

[0039]FurthermoreSi0 2 or Ti0 2 Ta 2 0 5 BSTSi3N 4 Al 2 0 3 Y 2 03La 2 0 3 Hf0 2 and Zr0 2 The 
single crystal membranepolycrystal membraneand amorphous films to which 
TiTaBaSraluminumYLaHfZrPrGdetc. were mixed with Pr 2 0 3 SrTi0 3 and Gd 2 0 3 may 
be sufficient. 

[0040]Either at least has a desirable thing of the interface of a Si 
substrateand the gate electrode and gate dielectric film of Pori made 
for a SiOx (0< x<=2) layer or the layer which contains nitrogen further 
to intervene in between. Since the distance of an EREBETEDDO field can 
be separated from the part and gate electrode which enlarged the 
dielectric constant and this leads to the fall of parasitic 
capacitancethe high permittivity gate insulating thing can expect high- 
speed operation more as compared with the case of a Si0 2 gate insulating 
thing. 

[0041]After forming to the 2nd sidewall layers 5 like drawing 1 (f)the 
silicon oxide 2 and 4 on the sauce / drain area 8 on this silicon 
substrateand the gate electrode 3 is etched with a rare-fluoric-acid 
(DHF) solution. In that caseall the 1st sidewall-layers fields of the 
field between the 2nd sidewall layers and a silicon substrate are etched 
( drawing 2 (g)) . The end 5a of a silicon substrate surface and the 2nd 
sidewall layers 5 estranges by this etchingand the gap 10a is formed 
between them. It leaves a part of [ 4a ] thickness of the 1st sidewall 
layers 4 by thickness equivalent to other 1st sidewall-layers thickness. 
Nextthe amorphous silicon (a~Si) layer 6 is deposited at the temperature 
of 550 to 750 ** with a LP gas-CVD (low pressure chemical vapor 
deposition) device ( drawing 2 (h)). Thenannealing is performed below 750 
** and the EREBETEDDO sauce / drain area 8 raised up from the interface 
of gate dielectric film and a silicon substrate are formed by making the 
sauce / drain area 8 of the silicon substrate 1 into a seed partand 
carrying out solid phase epitaxial growth ( drawing 2 (i)). 



[0042]The amorphous silicon layer formed without becoming the epitaxial 
growth on the gate electrode 3 and the 2nd sidewall layers 5 if needed 
is etched. When the deposited film thickness of an amorphous silicon 
layer is 100 nmfor examplef luoric acid (49%) : — nitric acid (70%) : — 
the amorphous silicon layer which is not growing epitaxially by etching 
by etchant of pure water =1:80:120 for 5 minutes is altogether removable 
to the epitaxially grown crystal silicon layer ( drawing 2 (j)). Since a 
part of a-Si layer 6 on a gate electrode turns into the poly Si layer 7 
like drawing 2 (j) at the above-mentioned processit remains. 
[0043] Although it is a modification shown in drawing 3 thru/or drawing 
5The silicon nitride film (Si 3 N 4 ) 9 is made to depositas shown in a 
figure after the process of drawing 1 (b) mentioned above ( drawing 3 
(a)) A silicon nitride film and the gate electrode 3 are processed by the 
anisotropic etching by plasma ( drawing 3 (b)) After oxidizing the gate 
electrode 3 and a substrate face and forming the silicon oxide 4 
( drawing 3 (c))the silicon nitride film 5 is made to deposit ( drawing 3 
(d))and a silicon nitride film is processed by the anisotropic etching 
by plasma ( drawing 4 (e)). Nextthe silicon oxide 41 of the sauce / drain 
area 8 on a silicon substrate is etched with a rare-fluoric-acid (DHF) 
solutionOnly sauce / drain area 8 can make a silicon epitaxial growth 
layer formafter making a~Si layer 6 deposit ( drawing 4 (f)) without 
growing a gate electrode top epitaxially by carrying out solid phase 
epitaxial growth ( drawing 4 (g)). Howeverthe gate electrode 3 may be the 
multilayer film or metal which consists of siliconsil icideor metal. 
Hereaft era 1 though the gate electrode 5 top shows the case where it grows 
epitaxiallyalso when not growing epitaxiallyit shall be included. 
[0044]A UHV-CVD (ultra high vacuum chemical vapor deposition) device may 
be sufficient as the device on which a~Si layer 6 is made to 
depositincluding this case — the seed part of epitaxial growth — 
oxygen — a seed part — below the surface density of the back bond of 
the silicon surface to kick may exist. By passing simultaneously the gas 
which contains conductivity-type impuritiessuch as phosphine (PH 3 )an 
arsine (AsH 3 )and diborane (B 2 H 6 )at the time of deposition of a~Si layer 
6a~Si layer 6 containing conductivity-type impurities (PAsor B) can be 
made to depositand this example shall be included also when said a~Si 
layer contains these conductivity-types impurity. 

[0045] the anisotropic etchingfor exampleRIEetching by a rare-fluoric- 
acid solution may be based on fluoric acid of the gaseous phaseand using 
plasma — it may come out. An opening does not exist between the 
EREBETEDD0 sauce / drain area 8 formed by this solid phase epitaxial 
growththe 1st sidewall layers 4and the 2nd sidewall layers 5 (refer to 



numerals lOof drawing 4 (g) and drawing 10 (b) b). 
[0046]When a-Si deposited film thickness is thick ( drawing 4 
(h)) modification structuressuch as drawing 5 (i)-(l)are possible for the 
gestalt of the solid phase epitaxial growth beside the 2nd sidewall 
layers. Only the lower layer of the sedimentary layers 6 serves as the 
epitaxial growth layer 8and drawing 5 (i) shows the gestalt in which the 
amorphous silicon 6 is carrying out residue to the upper layer. As for a 
part of epitaxial growth layer 8 drawing 5 (j) shows a gestalt grown-up 
to the surface 81. Although drawing 5 (k) of the epitaxial thickness of 
the portion which touches the sidewall layers 5 is thinner than the 
thickness of the field which grew epitaxially to the surfacethe 
thickness of some fields of the facet formed from the sidewall layers 5 
shows a gestalt thicker than the thickness of the field which grew 
epitaxially to said surface. Drawing 5 (1) is a gestalt in which the 
thickness of the field which touches the sidewall layers 5 is thicker 
than the thickness of the field which grew epitaxially to the surface. 
Said gate dielectric film may begin Si0 2 and SiONand a high dielectric 
film may be sufficient as itSince an electric short circuit with the 
gate after the one where the etch rate by DHF is slower than silicon 
oxide growing epitaxial lythe source regionor a drain area is 
controlledsaid gate dielectric film is desirableEspecially in the case 
of a silicon oxynitriding filmsince the etch rate by DHF is slower than 
silicon oxide about 10 timesit is desirable for nitrogen to be deep at 
the surface side. 

(The 2nd example) The 2nd example is shown in drawing 6 . The 2nd example 
is the same manufacturing process except being what the method of 
forming the epitaxial growth layer in the 1st example is not solid phase 
epitaxial growthand depends on vapor phase epitaxial growth. The same 
numerals have shown what has numerals the same as drawing 1 and 2 by a 
diagram. Howeverthe facet is formed in the epitaxial growing region by 
vapor phase epitaxial growth in this exampleand the opening 10b exists 
between the 1st sidewall layersthe 2nd sidewall layersand an epitaxial 
growth layer ( drawing 6 (a)) . As a gestalt of the vapor phase epitaxial 
growth beside the 2nd sidewall layers drawing 6 (b) drawing 6 (c) drawing 6 
(d)etc. are possible according to the thickness of a growth film. 
Drawing 6 (b) shows the gestalt in which the epitaxial growth layer 8a 
is formed without producing a facettouching the 2nd sidewall layers 5. 
Producing a facet touching horizontally [ 2nd sidewall-layers 5 ]the 
epitaxial growth layer 8b is formed and drawing 6 (c) shows a gestalt. 
Drawing 6 (d) shows the gestalt in which the epitaxial growth layer 8c 
is formedwithout touching the sidewall layers 5. 



[0047] The opening 10b isolates between a gate electrodeand EREBETEDDO 
sauce / drainand since the opening 10b is a lower dielectric constantit 
can reduce parasitic capacitance. 

(The 3rd example) In etching in the 1st exampleexcept remaining without 
etching a part of 2nd sidewall layers and 1st sidewall layers 4b between 
silicon substratesthe 3rd example is the same manufacturing process as 
the 1st exampleand is shown in drawing 7 (a) - (c). The same numerals 
have shown what has numerals the same as drawing 1 and 2. 
(The 4th example) Drawing 8 explains the 4th example. In the etching 
process ( drawing 2 (g)) in the 1st example4 d of the 1st sidewall-layers 
fields between the 2nd sidewall layers 5 and the silicon substrate 1 are 
etched altogetherThe same structure as the 1st example shows to drawing 
8 except a part of 1st sidewall-layers field 4c between the 2nd sidewall 
layers 5 and the gate electrode 3 being etched furthermoreand thickness 
decreasing rather than other portions of the 1st sidewall layers 4. 
EREBETEDDO sauce / drain area 8 is filled in contact with this light- 
gage portion 4c in the gap between a substrate and the 2nd sidewall 
layers. Also in this casethe same numerals have shown the same thing as 
drawing 1. 

(The 5th example) Drawing 9 explains the 5th example. Except all the 1st 
sidewall-layers fields between the 2nd sidewall layers 5 and the silicon 
substrate 1 being etchedand also a part of 1st sidewall-layers field 4c 
between the 2nd sidewall layers and a gate electrode being etchedit is 
the same as that of the 2nd exampleand the etching process ( drawing 2 
(g)) in the 1st example is shown in drawing 9 . The opening 10b is formed 
in this light-gage portion 4c. The same numerals as drawing 3 express 
the same thing. 

(The 6th example) The 6th example shown in drawing lO Etching quantity x 
to the 1st sidewall layers under the 2nd sidewall layers in the 1st 
example3rd example4th exampleor 5th examplelt is x>y/ tantheta when the 
angle of the side edge P in the part which touches the silicon substrate 
of y and the epitaxial growth layer 8 in the perpendicular direction 
distance of the gap 10a of the 2nd sidewall-layers end 5a and a silicon 
substrate is set to theta. . . Except filling (l)it is the same as that of 
each example. Length x is a size from the end 2a of the gate dielectric 
film 2 to a 2nd sidewall-layers 5 periphery edge here. 
[0048jHowever drawing 10 (a) supports the 1st example and a part of 1st 
sidewall layers 4 4a have the same thickness as the other portions of 
the sidewall layers 4. That with which the gap 10a of the 2nd sidewall- 
layers end 5a and silicon substrate which were etched by DHF under the 
2nd sidewall layers 5 was filled by solid phase epitaxial growth of a~Si 



layer (it becomes the crystal Si layer 8 by heat treatment) is shown. 
Although the gap 10a of the 2nd sidewall-layers end 5a and silicon 
substrate which were etched by DHF under the 2nd sidewall layers 5 
corresponding to the 2nd example is filled with drawing 10 (b) with 
vapor phase epitaxial growthit shows what has left the opening 10b. 
[0049] Drawing 10 (c) supports the 3rd exampleand it is etched by DHF 
under the 2nd sidewall layers 5 so that a part of 1st sidewall layers 4 
4b may remain in the state thicker than the other parts of the sidewall 
layers 4. The gap 10a of the 2nd sidewall-layers end 5a and a silicon 
substrate is full by solid phase epitaxial growth of a-Si layer (heat 
treatment crystal Si layer : 8) and drawing 10 (a) shows the example from 
which length (x) with which it is filled differs. 

[0050] Corresponding to the 4th exampleas for drawing 10 (d) thickness is 
made thinner than the other portions of the sidewall layers 4 a part of 
1st sidewall layers 4 4cAlthough the field etched by DHF under the 2nd 
sidewall layers 5 is full by solid phase epitaxial growth of a~Si 
layer drawing 10 (a) and (c) shows the example from which length (x) with 
which it is filled differs. That isin order to enlarge length xover- 
etching of the bottom portion surrounded by a substratethe 1st sidewall 
layersand the 2nd sidewall layers is carried out rather than gap 10a 
distance. The thickness (it is a vertical distance to a substrates face) 
of the EREBETEDD0 field filled by this bottom portion becomes larger 
than the clearance 10a. 

[0051] Corresponding to the 5th exampleas for drawing 10 (e) thickness is 
made thinner than the other portions of the sidewall layers 4 a part of 
1st sidewall layers 4 4cAl though the field etched by DHF under the 2nd 
sidewall layers 5 is full with vapor phase epitaxial growth drawing 10 
(a) and (c) is an example from which length (x) with which it is filled 
differsand the angle theta differsand the opening 10b also exists. 
[0052] By the way in drawing lO xyand theta are as having been shown in the 
f igurerespectively. Heretheta is a case of vapor phase epitaxial growth 
and solid phase epitaxial growth In all 0<theta<pi ... (2) 
theta [ in / it is an angle of ****** and / especially / solid phase 
epitaxial growth ] is pi/2 < theta <pi. . . (3) 
It may become and is tantheta< 0 in this case. . . (4) 
It comes out. 

[0053] In drawing lO the same numerals as drawing 1 thru/or drawing 6 
express the same thing. 

(The 7th example) Although the 7th example shown in drawing 11 is 
manufactured by the same manufacturing process as the 1st example - the 
6th examplesaid epitaxial growth layer (EREBETEDD0 field) 8 has run 



aground to the 11th page of isolation region up ( drawing 11 (a)), this 
invention person acquired the knowledge that it could be made to run 
aground enough to up to isolationwhen the boundary of the isolation 
region 11 and the active region la was leaned from the <110> directions 
like usual by the experiment before this invent ionand it turned in the 
<100> directions especially. The transverse direction was able to be 
made to carry out solid phase growth of the 150-nm - about 200-nmand 
isolation region 11 topforming {110} facet surfaces by performing RTA 
(680 ** - 700 **) (rapid thermal anneal) for 100-nm a-Si layer about 60 
seconds. 

[0054] When the angle with the facet surface PI of t and a growth 
filmi.e. the EREBETEDD0 field sideand a silicon substrate surface to 
accomplish is set to phi and a-Si thickness is set to s for a lateral 
epitaxial amount of growthit is t>s/tanphi desirably... (5) 
It comes out and a certain direction is good ( drawing 11 (b)). In the 
case of this example {100} boards are used and the thickness of a~Si 
layer is 100 nmSince the facet surfaces are {110} sidesif not less than 
100 nm of isolation region tops are grown epitaxially into a transverse 
directionthe epitaxial thickness on the boundary of an isolation 
regionthe source regionor a drain area can control leak near the STI of 
a silicide reasonThis condition is fulfilled in this example. In drawing 
11 drawing 1 and the same numerals as 2 express the same thing. 
(The 8th example) The 8th example is manufactured by the same 
manufacturing process as the 1st example - the 7th exampleas shown in 
drawing 12 but the diffusion region 12 is formed for diffusion-zone 
formation into [ after forming the epitaxial growth layer 8 ] a silicon 
substrate by solid phase diffusion. When the EREBETEDD0 field contains 
the impurityby annealingsolid phase diffusion of the impurity can be 
carried out into the silicon substrate land the diffusion region 12 can 
be formed. While especially an EREBETEDD0 field passes the gas 
containing an impuritywhen it is formed by forming membranes and growing 
an amorphous silicon epitaxiallysince the impurity is included more than 
the solid-solution limitit is effective. When the distance (Yj of 
drawing 12 (a)) from a gate terminal to an epitaxial end sets to 20 nm 
or lessin this example. Annealing by carrying out about 10 seconds 800 
**for example with a RTA (rapid thermal anneal) devicefhe impurity 
concentration of a gate terminal can form the diffusion zone for which 
the diffusion-zone depth also inhibits Yjlow resistance shallow to the 
same extentand a short channel effect by one E18 (/cm 3 ) grade. It shall 
containalso when the process that the ion implantation of the impurity 
is carried out before and after epitaxial growth if needed after 



sidewall-layers formation is added. Also in drawing 12 the same numerals 
show drawing 1 and the same thing as 2and 11 of drawing 12 is an 
isolation region. 

(The 9th example) In drawing 13 the 9th example forms the diffusion zone 
14 by an ion implantation. Firstthe extension region 13 is formed after 
processing the gate electrode 3 by introducing an impurity into a 
silicon substrate and annealing it with ion implantation equipmentover 
gate dielectric film ( drawing 13 (a)). Nextthe sidewall layers Sand the 
EREBETEDDO sauce / drain area 8 are formed like the 1st example - the 
8th exampleThe Deep diffusion region 14 is formed by introducing and 
annealing an impurity also to the deep field in the silicon substrate 1 
rather than the extension region 13 by an ion implantation ( drawing 13 
(b)). Thusas for the formed diffusion zonethe short channel effect is 
inhibited by low resistance. Also in this drawing 13 the same numerals 
show drawing 1 and the same thing as 2and the numerals 11 of drawing 13 
show an isolation region. 

(The 10th example) The 10th example has low-resistance-ized the 
diffusion zone by carrying out at least a part of EREBETEDDO field 8 
silicide formation 15 so that drawing 14 may explain. The EREBETEDDO 
field 8 is first formed by epitaxial growth like the 1st example - the 
9th example ( drawing 14 (a)). Nextsilicide formation of a part of 
EREBETEDDO field 8 is carried out by the Salicide process. When poly 
silicon is especially growing also on a gate electrodethe gate electrode 
surface is also carried out silicide formation 15and a gate is also low- 
resistance-ized ( drawing 14 (b)). Also in this drawing 14 drawing 1 and 
the same numerals as 2 express the same thing. 

(The 11th example) The 11th example is the same as the 10th example so 
that drawing 15 may explainbut some sidewall layers 5 exist on the 
isolation region 11. The sidewall layers 5 are formed at a drawing 1 (a) 
- (f) process like Example 1. Thickness of sidewall layers is made 
largethe sidewall-layers edge 5a covers the active region la top of a 
substrate to eaves shapeand it reaches up to isolation region 11 endor 
is made more than it. Etching ( drawing 15 (a)) of a silicon area of 
exposed oxide and epitaxial growth 8 are performed like Example 1 - 
Example 6 ( drawing 15 (b)). Also in this drawing 15drawing 1 and the 
same numerals as 2 express the same thing. 

(The 12th example) The 12th example is carrying out said at least a part 
of epitaxial field silicide formation 15 only in the vertical upper part 
of the isolation region 11 after epitaxial growth so that drawing 16 may 
explain. After growing epitaxially like drawing 15 (b) the silicide film 
is formed, in self align. Also in this drawing 16 drawing 1 and the same 



numerals as 2 express the same thing. 

(The 13th example) The 13th example is shown in drawing 17 . This example 
is carrying out the field 8 silicide formation ISafter carrying out 
etching removal of the 2nd sidewall layers 5 on EREBETEDDO sauce / drain 
area 8 after forming EREBETEDDO sauce / drain area 8 ( drawing 17 (a)) 
( drawing 17 (b)) ( drawing 17 (c)). When the silicide film which is a low 
resistance film exists to the sidewall-layers field on the extension 
region near the channelsauce/drain is low-res istance-i zed. An impurity 
may be introduced by the ion implantation and gaseous phase diffusion of 
low acceleration after etching the 2nd sidewall layers to an extension 
region if needed. Although drawing 17 (a) showed the case where the 
epitaxial growth suppression layers 17such as a silicon nitride film 
(Si 3 N 4 )were on a gatethis layer 17 is not necessarily required for it. 
After the anisotropic etching using heat phosphoric acid or plasma 
removes a silicon nitride film (Si 3 N 4 ) layer (5 and 17) like drawing 19 
(b)the silicide layer 15 is formed. Also in this Example 15drawing 1 and 
the same thing as 2 express with the same numerals. 

(The 14th example) The 14th example is the same as the 13th example so 
that (c) may explain from drawing 18 (a) but. After forming EREBETEDDO 
sauce / drain area 8silicide formation 15 is taken and the 2nd sidewall 
layers 5 on EREBETEDDO sauce / drain area 8 are etched. An impurity may 
be introduced by the ion implantation and gaseous phase diffusion of low 
acceleration after etching the 2nd sidewall layers 5 to an extension 
region if needed. Parasitic capacitance with a gatethe EREBETEDDO source 
regionor an EREBETEDDO drain area can be reduced by etching the 2nd 
comparatively high sidewall layers of a dielectric constantA process top 
margin can be given to the silicide formation on a wedge by carrying out 
silicide formation of the silicide film in an extension region and the 
field which keep away from a junction area with the substrate especially 
and where EREBETEDDO thickness is thick. 

(The 15th example) The 15th example is manufactured like the 1st example 
- the 14th example so that drawing 19 may explain. This example differs 
[ shape / of EREBETEDDO sauce / drain area ] in nMOS and pMOS. FirstnMOS 
and pMOS are formed in the silicon substrate 1 which has the isolation 
11 like drawing 19 (a) to the sidewall layers Sand one side is covered 
with the mask 20 like drawing 19 (b) . In this examplea silicon nitride 
film is also used as a mask materialand the case where the mask of the 
pMOS field is carried out is explained. Next it etches by the method 
which described above the EREBETEDDO sauce / drain area of nMOSand 8 n 
of epitaxial growth layers are formed ( drawing 19 (c)). Nexta nMOS field 
is oxidizedand after depositing and carrying out the mask of the silicon 



nitride film 21a pMOS field with the EREBETEDDO sauce / drain area 8p of 
pMOS is formed ( drawing 19 (d)). The oxide film of a nMOS field is 
removed ( drawing 19 (e)). The etching quantity of the oxide film on the 
silicon substrate sauce / drain area which serves as a seed part of 
epitaxial growth when forming nMOS and pMOSTransmission delay time of 
CMOS can be shortened compared with the case where should differ the 
metal on epitaxial thickness and EREBETEDDO sauce / drainor the kind of 
metal silicide by nMOS and pMOSand nMOS and pMOS are made into identical 
shape. Although this example showed the case where it formed previously 
from nMOSit shall containalso when forming previously from pMOS. 
(The 16th example) The 16th example is shown in drawing 20 . It is 
manufactured like the 1st example - the 15th example. In this examplethe 
gate of an MIS type transistor is created after forming EREBETEDDO sauce 
/ drain area 8 by the DAMASHIN gate process of embedding an etching 
removal rear gate for a dummy gate electrode field suitably. 
Hereafterwhen the cap of the silicon nitride film (Si 3 N 4 ) 17 exists on a 
gate electrodeit explains. In [ carry out like drawing 1 (a) of the 1st 
example - drawing 2 (j)and ] the process of drawing 1 (a) of the 1st 
example after creating EREBETEDDO sauce / drain area 8It leaves 17 
(Si 3 N 4 ) on the gate electrode 3 of polycrystalline silicon as a 
capEtching removal of the amorphous silicon formed on a cap at the 
drawing 2 (h) process is carried out ( drawing 20 (a))Silicide formation 
of the part is carried outit is considered as the silicide layer 15 
( drawing 20 (b))and flattening is carried out after depositing the 
interlayer insulation film 18 to the silicon nitride film upper surface 
on the gate electrode 3 which is a mask in CMP (chemical mechanical 
polishing) etc. ( drawing 20 (c)). 

[0055]Nextafter heat phosphating removes the silicon nitride film 17CDE 
(chemical dryetching) removes the gate electrode 3 (polycrystalline 
silicon) ( drawing 20 (d)). Rare fluoric acid (DHF) removes gate 
dielectric film (Si0 2 ) and the 1st sidewall layers (liner layer ****) 4 
( drawing 20 (e))and said silicon substrate is exposed. Nextwhen there 
are Si substrate regions and an EREBETEDDO fieldthe gate dielectric film 
19 is formed by oxidizing also including the field or making an 
insulator layerfor exampletantalum oxidetitanium oxideand oxidation 
hafnium deposit ( drawing 20 (f)). Volume phasessuch as a nitrated 
casemay be formed depending on the case. If a gate material is used as 
metaled tungstenafter making titanium nitride form as the reaction 
preventing film 20tungsten will be formed in a part for a slot and the 
gate wolfram electrode 3a will be embedded by carrying out flattening by 
CMP etc. in a slot ( drawing 20 (g)). 



[0056] In the example described abovethe usual transistor formation 
process is followed after that. That isafter making an interlayer 
insulation film deposit on the whole surface and patterning a gate 
contact holea contact hole is formed by anisotropic etching. After 
forming titanium nitride as a reaction inhibiting layerthe aluminum used 
as a gate wire is formed. A gate wire is transferred to resist by 
patterningand a gate wire is completed by removing aluminum by etching. 
According to the 16th example that shows the manufacturing method of the 
DAMASHIN gate transistors mentioned aboveafter not less than about 700 
** high-temperature-heat processessuch as pouring of sauce drain ion and 
annealingand Si epitaxial growthare completedgate dielectric film can be 
formed. A not less than 500 ** high temperature process is not needed 
any longer after the formation process of this gate dielectric film. 
Thereforethe good characteristic can be obtained by a high temperature 
processusing high dielectric filmssuch as Ti02 to which change of 
physical properties takes placeTa205and BSTas gate dielectric film. 
[0057] it is not limited to the above-mentioned exampleand in the range 
which does not deviate from the gist of this inventionthis invention is 
boiled variously it can change and can be carried out. For 
exampleetchback can also be formed although CMP is used for flattening 
of the interlayer film and the gate material in the 16th example. About 
a gate portiona gate electrode may be formed by patterning and 
etchingwithout performing flattening by CMP. Not only tungsten but other 
metalsuch as aluminum and copperis possible for a gate electrode. As a 
reaction preventing filmtungsten nitride and tantalum nitride may be 
sufficient besides titanium nitride. In the case of the polycrystalline 
silicon in which the electrode itself included not metal but Lynna 
reaction preventing film is not needed. Gate dielectric film should just 
be an insulator layer not only with tantalum oxide but a high dielectric 
constant. When a dummy gate is removedlocal threshold adjustment can 
also be performed by carrying out an ion implantation over gate 
dielectric film (buffer oxide film). 

[0058] In additionin the range which does not deviate from the gist of 

this inventionit changes variously and can carry out. 

[0059] 

[Effect of the Invention]As explained aboveaccording to a semiconductor 
device which has the EREBETEDD0 sauce / drain structure of this 
inventionand a manufacturing method for the samea semiconductor device 
with short transmission delay time which generating of a short channel 
effect and junction leakage current is controlledand has a low 
resistance diffusion zone is realizable. According to a semiconductor 



device with which the DAMASHIN gate transistors which have the 
EREBETEDDO sauce / drain structure of this invention are formedand a 
manufacturing method for the sameleak between a gatesauceor a drain can 
be controlledand the controllability of the gate to a channel can 
realize a good element. 
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[Brief Description of the Drawings] 

[Drawing l] this invention — the — one — an example — explaining — a 
sake — a figure — a multilayer — sidewall layers — and — a silicon 
substrate — gate dielectric film — an interface — vertical — the 
upper part — having been raised — EREBETEDDO — sauce — / — a drain 
area — having — MIS — type — a transistor — a manufacturing method 

— a process — ( — a — ) - ( — f — ) — being shown — a process — a 
sectional view . 

[Drawing 2] this invention — the — one — an example — explaining — a 
sake — a figure — a multilayer — sidewall layers — and — a silicon 
substrate — gate dielectric film — an interface — vertical — the 
upper part — having been raised — EREBETEDDO — sauce — / — a drain 
area — having — MIS — type — a transistor — a manufacturing method 

— a process — ( — g — ) - ( — j — ) — being shown — a process — a 
sectional view . 

[Drawing 3] The process sectional view showing process [ of the 
manufacturing method of a transistor ] (a) - (d) in which the EREBETEDDO 
sauce / drain area raised in the vertical upper part were formed with 
the figure for explaining the modification of the 1st example of this 
invention using solid phase epitaxial growth from the silicon substrate 
and the gate-dielectric-film interface. 

[Drawing 4] The process sectional view showing process [ of the 
manufacturing method of a transistor ] (e) - (h) in which the EREBETEDDO 
sauce / drain area raised in the vertical upper part were formed with 
the figure for explaining the modification of the 1st example of this 
invention using solid phase epitaxial growth from the silicon substrate 
and the gate-dielectric-film interface. 

[Drawing 5] The sectional view showing modification (i)-(l) by the 
manufacturing method of the transistor in which the EREBETEDDO sauce / 
drain area raised in the vertical upper part were formed with the figure 
for explaining the modification of the 1st example that is this 
invention using solid phase epitaxial growth from the silicon substrate 



and the gate-dielectric-film interface. 

[Drawing 6] The process sectional view showing the manufacturing method 
of the transistor in which the EREBETEDDO sauce / drain area raised in 
the vertical upper part were formed with the figure for describing 
Example 2 of this invention using vapor phase epitaxial growth from the 
silicon substrate and the gate-dielectric-film interface. 
[Drawing 7] The process sectional view showing the manufacturing method 
of the transistor in which the EREBETEDDO sauce / drain area raised in 
the vertical upper part were formed with the figure for describing 
Example 3 of this invention using solid phase epitaxial growth from the 
silicon substrate and the gate-dielectric-film interface. 
[Drawing 8] The process sectional view showing the manufacturing method 
of the transistor in which another EREBETEDDO sauce / drain area raised 
in the vertical upper part were formed with the figure for describing 
Example 4 of this invention using solid phase epitaxial growth from the 
silicon substrate and the gate-dielectric-film interface. 
[Drawing 9] The process sectional view showing the manufacturing method 
of the transistor in which the EREBETEDDO sauce / drain area raised in 
the vertical upper part were formed with the figure for describing 
Example 5 of this invention using vapor phase epitaxial growth from the 
silicon substrate and the gate-dielectric-film interface. 
[Drawing 10] The figure for describing Example 6 of this invention. 
[Drawing 11] The figure showing that it is the element which carried out 
transverse direction epitaxial growth of the isolation region top and 
its quantity t which carried out transverse direction epitaxial 
growththe angle phi of a facetand the thickness s of the epitaxial layer 
on isolation and an active region boundary with the figure for 
describing Example 7 of this invention. 

[Drawing 12] The figure showing the distance Yj and the diffusion-zone 
depth from a gate terminal to an etching end with the figure for 
describing Example 8 of this invention. 

[Drawing 13] The figure showing each diffusion layer region of an 
extension region and a DEPU field with the figure for describing Example 
9 of this invention. 

[Drawing 14] The process sectional view showing the manufacturing method 
of the MIS type transistor containing silicide in the source region or a 
drain area with the figure for describing Example 10 of this invention. 
[Drawing 15] The process sectional view showing the manufacturing method 
of the MIS type transistor which a part of sidewall exists on an 
isolation regionand has EREBETEDDO sauce / drain area with the figure 
for describing Example 11 of this invention. 



[Drawing 16] The process sectional view showing the manufacturing method 
of the MIS type transistor which has the EREBETEDDO sauce / drain area 
where a part of sidewall existed on the isolation regionand silicide 
formation was carried out in part with the figure for describing Example 
12 of this invention. 

[Drawing 17] The process sectional view showing that the 2nd sidewall 
layers are etched with the figure for describing Example 13 of this 
invention. 

[Drawing 18] The process sectional view showing that the 2nd sidewall 
layers are etched with the figure for describing Example 14 of this 
invention. 

[Drawing 19] The process sectional view in which EREBETEDDO sauce / drain 

shape forms a CMOS transistor which is different by nMOS and pMOS with 

the figure for describing Example 15 of this invention. 

[Drawing 20] The process sectional view showing the manufacturing method 

of the MIS type transistor which has EREBETEDDO sauce / drain formation 

processand a DAMASHIN process with the figure for describing Example 16 

of this invention. 

[Description of Notations] 

l: Semiconductor substrate 

2* Gate dielectric film 

3: Gate electrode 

4* The 1st sidewall layers 

5: The 2nd sidewall layers 

8: The source region/drain area 

10a: Gap 

10b: Opening 

11: Isolation region 
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tuiey- h mmmm izmi e n« tisie-> y =j >ssa 

Lfei^-f7 Kfitt££s 

K*«tJ:oT«B LTfctK Jb^tiiiemiflNMJi£:tt 
M^^«^J;'J^^m2ffliMJli. 

HuiB->u=3>s<s^tcistten. gyiex u^-^-y 

*i*a £ r * c <h *m> <t r 

y =i >s*sfr suf^ L/t Buiem 2 <boss turn* u =1 > 

<£P*7££x. iMB£tf£i3fBm2fiSJR£cDRai&0>SiS 

mmm 5 ] tss<Ji 1 <D*m&mmiz]s^T. hu§b-> 

U =1 >S«BOTR?«MMMC* Ls buIBx b"<— r -y F 
U^-^y K^^^gf^M±^-fil^(pllCXt°^ + 

^^LhtDtuiax y pmwmm t tuiB-> y □ > 

tineas 1 o>iBii«±(cis» 1 ©ttiwHtiifcsttSJ: y 

£ 2 <D*es#P£ff5/3)6-r -siig t . 

huIbss 1 <d^m^ buIb-> y =1 >mmz?i lt<dx y 

>?~X h -y ) it LTtillBfl 2 £>$&J§JlcDSt® £X y ^ > 



buibsi 2 (D^mmT'mt>tiT^^mm<DmiEm 1 <o*e 
.tifsi 2 o)$6^iiiaa)tijfB-> y 3 vs^roas^mtti 
citDsaj Lfc-> y =j ymwmmz-y y u ><dx t?$*-> 

mm.m 8 ] -> y n >»tg± y- k ammzmm? 

tuiBMi 1 ®^M±ici^m 1 (Dtmmtmtzzttnji y 
tijiBMi 1 <Dtmm*mz^ y =1 lt©i >y ^ 

> y X h y 1 \' i: L T m IBS 2 (Dtmmo&M & x y ^ > 

wiay- hn«K7)fflijs^ioBufBm i <*>*eiiijS£rt- 

BiJIBfl2©*6!ifeM-eS^tlTt^^lHSErotiifBm 1 

^is^x>y^>-?rLc:ticj:^T^L. Buiamifc 
.fcifm 2 OT$&!iiflgj!igG)tijia-> y zi visosMitb 

saT«»*$t?«r^*aii l& A^e. -> y n ><dx 

mmm 9 ] -> y =1 >s«±tcy- h t&«ai«^ar 

Suiawi 1 05*fe^)i±icKsi 1 (Dummtgteztm* y 
Suiam i rosfeiugs-BijiB^ y =j vs^ic^ lt<dx ^ 

V^" X h y y \°<t LTSuiaSf 2 <D&&J§lg<D«® ^x -y ^ > 
y*U fulB'y- h®fii<DfiM^tCBijlBMS 1 <Dtmm*i\- 
LTMIBm 2 ©*6!!tll^StRWlc^M*-B-LXgd:. 

fijiam2(D*gstpr'M*)nTt^i'>^cDtijiam 1 ©$g 
2 ©*fe^Misiao5tijia>' y □ vssro^ffi^sai 

■TLXg.!:, 
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z.a)mta Ltd/ y =i >s«s®^-> y =1 >wi 

f;l/SMt7oTil/^-T7 KiS^^1-%ii 
<!:. 

*6^#A LT--)^'n^ Z. £ (C * o TffitWf^ffM 

&*£BG>8ti&£& 

mmmi oi ->ya>»«±fcy-n&BB*raj8 

BuiBm 1 <D^K±icism 1 vimmiimizztm* y 
soiBm 1 ©isfe^s^Huiai/ u =i >mmcn ltox •> * 

h-y/tt LTf5IB£2<7>ies§B<7>a®£xy^> 

MES> 'J =1 V»««Nc*tt»*-f *>aAte «fc o Tig A 
LfzmzT -->\s*'fir> Z. t. led: oT*5IB-> U =l >S*6 

+Kv-xsawife«fctf Ku-r>tt*B*raj*T*xs 
SijiBm2©$e!«tMTS ; btiTi-^^:t^^Huiam i 

J:tfm2©*6ii8gJSH©8}iSv' , J n>St5(Dg®^^ai 

cobu ut-> 'j n vsbbbk 1 1 mtitcitmomm 
t» bOIbiu^-t^ k««<d'J>*< &t»aB&»e* 

3¥«*SB4>«££;£. 

fulBSg 1 (0t»WR±(cBJB 1 oie«wta3&:***»«fc y 
0)t61ifflt«^JCr 3Xg£ » 

y<fx\~v/it LTsuiBm 2 <Dnmm<Dmm*j: •> ^ > 
<fu me*- hssoMUncoiBii 1 ommmntit 

LTSijiBM 2 W^g^ilJNWlc^S* ^Slgi:, 
BuiBS2<Dt6!^^Tiito+lTt^t^S©Hufaai 1 0*6 
«B*xy*->$rr*c£U:«fcoTBSU tulBM1t3 



-t^xfit. 

BBS/ 'J =1 VWfiflc^ttttS-f * >>iAlc «t o T#A 
\^4k\CT——)\*^Vir> Ztlz£-z> TtuISv 'J =1 >S*S 
«Wcv-;UttttBfc«fctf KL/-r>ffiBB*JKfiEr*ia 

tuiaxb^-T 1 ^ K««©'J>fc< £*>Sffi»#*&Bv' 
•J-9--T KBfcB*.*xa£*«*.fcC 
*ttSB4>S££%. 

[Mara i2] ->U3 >mi&icm¥»mB&&mt&T 

hBBJLhti:?- hBB*JBfiE-r*lSt, 
tuiay- H6BBJ3«fct«9Ky- hBS©±BJ3«»:tf« 

sji^sa <fc 5 ic* fj!asis±(cm 1 ©ie»B*»«-r 
tuiBm i ©$6)it)g±icsm 1 at&iB&ii&stmj: y 
Miam 1 ©*aitig*Bijia-> y => ltci «j> * 

h LT*jlBm2C0^^<Da® : &x^^> 
?*U lufB-y-h^ffiOfflUMJllciulBmKOJ&SB^ 
LT«K»2©l6»B*BS?6«ilcHB*-B:*lBtx 

tuiBH 2 ©nessBTSfctiTo^L^ia^Buiam 1 

liB*X'y^>-if-r*CtlcJ:oT^U aulBmifc 
J: tf* 2 0>«BjMra4>BIB£7#BBtt*BtfflnBS' 

y a>as©«B«Biar*xet, 

Z.(DMm Lfc-> 'J □ VS«SS^g(tlBiR?»BBB±S 
TS*?£-r 5J: 5 ic v 'J =i >©x tf 
TiU^-T? KjWS*i8«r*iai:. SutBxU^- 
K««flD' J !>38:<tt8ffiffl»**B5'y-9--r KBI= 

[«W0)»«BI3MttW] 
[000 1] 

[&iH0>Br«ttft4HN *BWtt**#BBaif*» 
*BB<0«Jfi*S6tcHU ^iciU^-fy KV-X/ 

Ku-rvBSfiswrsmsaiflD^apflcBBRtf^wwait 

[0 0 0 2] 

©»»Bfti=fft\ «atiu-;ut*««'hLT*T^ 
bb« b < * ^ c <t * %mKv>%k±*m 
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3„ ffisajfas**^ mote!iJijg*5v£<g<«o:£j£ 

<hLT. V-;*/Kb<>^<D*-->y=l>£J#-5±tf 

SS^T^nT^S (T. Yoshitomi, et al. 1995 Sympos 
ium on VLSI Technology Digest ofTechnical Papers 

p. 11) o 

[0 0 0 3] C0)Xl/A;-r7 Ky-x/Ki^r>lig 

wjim&m*. «fflif9*yi-;wi, affix tr** 

£j£Tti*S*lTV£«, LfrU xt?£*S'-\'/l//&ft<D 
y-r-M<b^jS^*^Bii4^Txt°^+->-v 
/UfiJMflcT'T'Hzy h*SUTL*t\ Cin6i£G£lcfc 
tt*xk°?*S/*;uj$MMJI*+ttia*iS<T'i*?\ *f 
icy- hi£^CDxe^+->^;Ufi£m^Jl©fgTtcJ: y, 

tl$u>s?-v'*j|/£)£«£i:?l$?. *eic^<-> 

t J—9&im$lTZ>rctt>lz-/iJV-< KXS<0M(c» il/'! 

[0 0 0 4] 
[0 0 0 5] 

-> 'j □ i/w&t » i5ia-> y =i ;/s«5s ickm- s *xfc y 
- Y-mmmt.. may- ne*H±u:i8w-SiHfcy- i- 

Sfii.!:. Misy- h*S«>fia6lcKtt£tU B5§B->y3 
VStfiSiEfcif T*»l«HBi:» iulB->y =)>S*5« 
® lc-> y =i >£x bf* *->-wl/fiE« Lfcx u^-^y K 
?Sis£<t. WEy- h«C09fMBJB(cnCII1«nM*^ 

L-rstf&tu flames/ y 3 >a«aa<!: liSutax u 

SB <t *#*» J; y ««JR 2 fl9BB <t. IftES' 'J =1 

>«fi«tUcttttS tu KHaxU^-y-> K««te*LT 

fey, unexu^-yy K««tmuw«sa**rav 

[0 0 0 6] h5>^7."5»^SJ3t%<*:<75M I SIt?C 

y- httiifiJSK, -> y =1 vs«E*isgjca/Htf nfc« 



mmftttzmmmw&t. u y- htv-x$fcii k 

[0 0 0 7] a»<0«H»*y- HEBHcifiL"«*«1 

«sb. y- h«ai=at^«**2«HJit Lfc«*, 
m2fflijM^Sffi t -> y =i >s«g® t nans«^a u c <d 

<fc3ltLT. llA-ff KV-X/ KU-f >flS«*E 
jS<T*o dnic«fcy±iB^JSET<DSffi©t£»Si:^ + 

[0 0 0 8] »1©«W[CfiLT. xfcT**-> + Jl/J** 

p$©77ty ho9B£«mir«j:?(cMfcu m2fiij 
«z aw* xtf^*->^;um«Btictt7 7' 

•fey h fc*ttftSS*1*je<DBtlH**fcofcttfiffijfi«B 
«**u ; ?-<7)iS^ip]a)xtf^*v' J fyum^^ffli$'J*nT 
L£5 0 WtcHfflxe4i*^ + iU«fiOia^ {110}® 

{100} a j: y t*?j2<5sx * iuaamtfa 
<. {in}s«{ioo}s<fcy^2ofgsxt^*v'A'^i/fiE^ 

3b\ xe**->-wUfi£S®l*{100}®f£ttT£:< {110} 
ffiv {111}ffiS:t*<7)BE«SS©St>ffi^fBfi!t-r-5^|pIlc 
i5^o IS|«llcmfflxt: 0 ^+->^;Ui36S(Dii^{3ll}B^ 

xe^*->-fryufiK«ig(*y- himmzm&t l 
[ooo9] z.tuzmmm±izm®-i-titc7*:)iyTX 

->|J3> (JKT, a-S i tB8IB-r*)l*. S^tlit^ 

itLT7?t-y hZBmT&tf'sVZi^mitmWJ 
h*^*- ;l/©Tlcx tf ^*-> + i wa«iH3W8r SftftT 
T-tt. -> y 3 >BfbBT7 7t7h *JBfiJEf ^. 3 i:^: < 

@ffixt?^*->-v;l/figfi(Dii^s 7 7 ^;U7t'X-> 
y =i > < S5i bx ^ > y«a*3Eat l. ^< a 

ffix + ;Ufi£ft(;: <£ o Tfi£«*7J^lcti7 

^•FfJfi)tLTL$3*\ M^t \&>x.7 7 -fey hanctef 
Tt.MLW<ft». +#lcHfflxt?**i/-wl/f&m 

* -fe^ ciitccfco tbuibx y ?y<?mmzjtmz titer 

[0 0 10] $fc. M^T-ll/^-T^ K^^sij 

tarn 2 fflffl»«!ia*»r tr* * -> ^ 
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[0 0 1 1] d©l§0^T\ 77*7 htftSBLfc 

il^Kfcl^Tt,. miffiiJgJl^Buiaxb^-T 1 ^ h'flPS 

hili:i^-f7 KV-A/KU-fVlHfcPliltU 

[ooi2] $/c. m&tmim&mjkxf&2MMmi: 

TB£ft/cSS#©xU<-v-^;/ KflMC<D£fi±0KJ£ 
i>\ »1Si:m2ffliJilH<!:<DIIP^SgilJ:Ut^*<-r^JI 
£##*Lt\, iU'C-f?'K»affl««iii-> 

(DmB33&<D^7£*y£.Ltcm-£* x>y/tan©(D&fl=« 

[0 0 13] il/^-f-y KflUS^mtt^Mtt 

[0 0 14] *Sfc, *38*!*5"J 
»«*SU i^-f'yKaWO'J>4<i:t-StfI 

[0 0 15] £fc. 8ulB@atlSfi£lc*5^T. 

i^-t'? KfraSO)fi!!ffi <fc Sut B-> 'J zi >m%tm.m t CD 
j*f ft* <piUfc*£UU t>s/tanv*3WtTc£#S 

[0 0 16] «2fl!lSft<Bftfl#X^]HHH8Lt 
3&icMHLT?¥aU m2ffidSgtBUiB^ ; ?»at^lSEt 

[0 0 17] 3=fc, V-Z*«*fcf*KH'>««*i«* 
B**LS**»£&B©->y tf-r KKdCC&ffBS 

[0 0 18] *fc, ffiffllWKctS^Tx *?#**tt± 
(Ox U^-^y KflnM>»lcM««fttKHjSftao 

[00 19] y-hWffi**«£TSCfctf-re 

[0020] *5M8fl>t,5— o<D«*tt. y-mt 

[0021] fip-s, -y*jzi>mm±iz¥- y-tmmzm 
Tiisi, BuiBy- ne»iBife«i:iffi3iay- 



mm*&ar*ttt* Huiam 1 (Dmmm±inmm i co 

a<hx l9E»i©ttltH*fi(»B5"Ja>»«lc»UT© 
l7fV^h7/tt LTBul3m2tT)*eiiKCDa®^x 
y^-^U Buiay- HlfiiODffliMJlfeMfBm 1 <0*6Ji 

jg*rt- LTiuiBm 2 <Dtemm*mmmmm-£ 

<t. MIBm 2 ©JfilSETSfctlT^fet^teEOMfBS 1 

1 fcj:u : M2co*fegej§Biro*uiav' i Jii>sscoss^ 

3>(0Xb?**-> + ;l/j£S**ToTXU'^-5 1 ';' KflRJSE 
«B«T5ISt. BuIBxU^-^-y K*tt©'j>tt<£ 

[0 0 2 2] zona©— SBfcft*. *mM^F 
IM**d«5#A*x ■* jl/&SB5icHBt tcatr £ 

t ic J: o Tx tT* * 5/ v /UHlcVa&ETOMttdS ^£ 

[0 0 2 3] CflMMOa*tttt*$€5#X£LT» III 

[0 0 2 4] iSrSfc:, iK-fy H^isJlC-ftfV&A 

^TattM«Bmrsxa*ttiQT*c 
[0 0 2 5] xmrnomommit. ->u=]>s*g±tcy 

- h*fcS#Jg*ffJf£-r*xa<t:. d£0y- hMNUM±(c9 r 

- 1- «tt*»jar Huf ay- k *6*£Efc «t o"M 

fay- hWi©±ffiJ5<fctfffllfiJB*S3 J:5lc. bOIBS 

*5±icig i ©ia»ffli*jBj«r*iats Buiam i <o$e» 
m±icsm 1 coseeis t «t y 2 

m*mm?2>T.mt. mssn 1 ©ieiiw*iuiB5/ y □> 

S«5tc74 LTCOX •> ^ h «j I \" t LTm&m 2 <D*6 
WW0»BB*lv^>y U Billet- h®H©«HJItJf K 
Suiam 1 ©$&Si)«^^ LTtulBm 2 OtetftMSSftKlti: 

^iJt^iit, ifnsi/yavwg^ic^ttifcsfe-r* 

TBUlB->y □>S*fi*tcy-xffiSJ5Hfc«fcO : KUOffi 
«JB*JB(8T*iat. Huiam2CD!i&^T-MfcnTt x 

at x ««E© iuiam 1 a>tet»R« x y ^ > % c t ic <t 

oT»*U buIBMI fe<fctfm2tD$6StflJlia£DBulB-> 

yn>*«©affi*Bmr*xat. c<oBULfc->y 

=i>»1saHlc 1 1 lffll*fc»*V]Bi©©^TSs6%l^fe*' 
A*3il L^^e-> y =1 >£0x t;WS5ff-3T 
il/^-T'yKfMISIB«t4llt, buIBxU^-^ 

*«iat*«*fcci:*it«tr*i|i«i*sBo«iJfi 
[0026] *etc ->yn>sffi±icy 
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- htmmzm&iTzjimt. coy- Mmm±iz? 

lay- bWMV>±mt5&T}®mm*l$.o <fc 3 tulBS 

is±icKm 1 oimm t sft***ft«t u^i2 o*&*# 

g*5U:*t LT©X -y f>y7h7/ \°i LTsijIB^ 2 OS6 

tuiam i (Dtmmzfi- LTSuiBm 2 ot6itK&3iRtt(c 

5iS£-fc»-*XfI<h, tijiam2£D*6^MT^*3tlTt^^ 
fUsSOtijfaig 1 0*6I§I§£ X y * > ? "T £ C <fc r> T 

Ls wiarn 1 tekipm 2 otetuusHonffiB-:' y =1 

StSSSlc 1 1 /cl*V&0^®SJ*i&%l£$C;;tfX* 
3fE L&tfS -> 'J =1 >OX tf it v /bfiESJff^ti U 

^-t 1 K«**flg«r £>x*§ <t . saia-> y u vg*s*> 

fif 5 C t IC «fc o T BUlBv' 'J n tc V - Xffif* if £ 

J:tf KU*Vtt»ll*IBJ*T*I«i, buIBxU^-^ 
•y K^iSEO'J>£< ttiI»»**Ii"JW KMKX 

K.^x@t ««iifc c £*<&mt r z^mwsiwomm 

[0 0 2 7] SetC ^flHttWBTOi/ 'J 
OfBO^iSEO£10*eiiKj!>\ x-y^>-5f»CJ:oT^ 
KI££*tlTl^C ttms. Ll\ 

[0 0 2 8] £fc* £20*&liBrFO->y O 
HflMRJaflDSKOWtBfl^-ffla* <fc 5 tCX -y * 
*U x£**5' + JUJ*fttf7 , *JU77XS/y:3><Diill 

[0 0 2 9] Sfc. x-y^V^'lCcfe^T^tD^lgi: 
y- hmfiitOFtaognofcfeSiliO— SBjB 5 I«36*'*i*c 

[0 0 3 0] ?e>lC *?|0.BOfHjO!8tila% 5"J3VI 
«lc*?»Ht«tt*»BJ*r*Ifii:. ->yzi>S*5±lc 

y- ne»«*jB»araiet. coy- h*aiiis±ic 
y-h«a*jBj«r*ist» «iay- nft»«t»«ttf 

t3fay-hS®0±ffifc«fclfl»JMJl£S-5<fc-5U:, buIB 

ss±icm 1 (ommm^ws-mr zumt. mzn 1 o*& 

«P±lci$m 1 OttllUR£ JtftSttf* * y fc*S 2 05*6 

«n*^r*xai:» we* 1 ©*e*ii*t9iB-> y a 

>St6lC*f LTOX -y ^ >y* h >y J it LTSOIB^ 2 O 
ffittKOSBi * x y =f- > y U buI ay- h- IBSQflHM 

^Huiem 1 <DteiKH«rt LTMiam 2 o*fcstiM£iiij/?e<) 
ic5SM*-y-^xg<!:, Suiam2(oj6^T^*DnTt^ 
i^SEoMias 1 oagnup* x •> ^ > y-r * c t k * o 

<t. cwstBLfc->y=ivs«s®tcBijia^?^si^ 
±$T55a-r 5 £ 3 ic-> y n ><dx tf^ -v ;U)«m^ 



[0031] «/c> *«->u-9--r K^FB^-r^xnt^ 
« ; ?»gi^±ox e UBXft l fi-mm it fc t> t 

[0 0 3 2] £/c. 5SB*tl/c^2<D$6^MtD-g|53b^ 
[0 0 3 3] $fc, Xfc°**->-WUJ&^X*g&U:m2tD 

[0034] mmttMm$.*m&L?zmiki5 
35icfct>T. y^-»xfi-r^fe-5. y-h®@. m2 
<osm.m. i^-T7Kv-xfii 1^-77 k 

Lfc^ MP^^M^^FS^bL. y-h«a«iB*»aj 
y-hmS. 3CfTy-h»kM*»*L 

->y=i>a«affi*stiB-r*xe<t, ^ta*nfc->yzi 

[0 0 3 5] 

mwmmm) m 1 su-ei2 it&wnmmojimim 

(a) ~ (j) (D8lr®l§lTS^<, $-fi"J=l>frSJ5!6£ 

¥®#s« 1 _htc -ai^M^^^gt^isE (st i ) 1 1 

-r^cinKa)). ;^it. ^sa->yn>* x 6fe*y-hm 
a 3 **i«*«(Bi (W). y v 77 7 -r -x^jsfc 

y^X^lCi^S^tix-y^vyfiiJ^W'RIE (React 
ive Ion Etching) IC^^Ty- hSfii^JlDXLv 

1 6^5??air^«j:5icmj36-r^.(iiii(c)) 0 com, y- 
hSfii^^fb^-a-axT. y- h»BHbiat*^). s 

10ffiiM^4«-}fJfi)6-r^(lll1(d))o CODy- h&MfbX 
f§B# V - T^isE/ K U -< V^taK St^^gSt.^b* 
*l£o ^lC->yzi>^{bai(Si3N4) 5^-CV0(chemical va 
por depos i t i on) gglc J: o T*tW* "l+fc^ (H1 (e) ) . 
"7'^Xy'lc £ fc^S^14x-y^>yicJ;oTy- 

mizws'j zi>mitm*mf&?z m-\ (0). fe«u 
efflux? ic«t*a*ttiv^->yic«t-3Tv-^ 
«/ Ku-r >fH«8±a)y- n«i«fe«i:if->y 

[oo36] H5ia-> y u >a<b« 5 mmtcdKicds c 
T^-<y-Sx «jttf->y3>»bii(si02)*cvD«B 

£#A,T-^Ttac\, co^-ry-®*/ctt->y=i>a 
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[0 0 3 7] WT, y-h*BHbflB(y-^/KU-f> 

<bM 5 &nMBMtty&Z. «>:<!: Ls JEfc-> 'J =1 >Wb 

»2fflgJi fcflSU C<DJB2ffi9SJI(i->U=]>a 

{bUlcpg^tcDTii&iA, £fc. 8?IB->Ua>St5iiG 

*.»£Ti. Zr, Hf, Ta, La, Al. Ba. Sr, Y, Pr, Gdfr6 

[0 0 3 8] Ti02, Ta205. BST, S i 3N4, AI2O 

3, Y2O3, La203. Hf02. Zr02. Pr203, SrTi03. Gd203& 

zommikm. $£am« ts^ify^^yrxm^m^ 

[0 0 3 9] Si02t>L<«Ti02, Ta205. BST. 

S13N4. AI2O3, Y2O3. La203. Hf02. Zr02. Pr2<)3. SrTi 
O3. Gd203(CTi, Ta, Ba. Sr. Al, Y, La, Hf, Zr, Pr, 

xET*>*i§fo£i\, 

[0040] s i mmts&vtf'jwf-hmmt 
(o< x ^2) m*>L<te-&<=>icmmfr£tsm*fflizft 

[004 1] m 1 (f ) CD<fc 5 lcm2ffl'JM^ 5 $ TffJfiK L/c 
Ify- h W.M 3 ±<7)-> 'J Zl Vffifbflg 2 . 4 y M (D 

HF)jgjsic<toTx->^>'yr*o ^ro^s mmmmt 

? T £ (H 2 (g) ) o Z. CDX y ^ V <f\Z £ U -> 'J =1 
ffitSI 2ffliJSJf 5 CDS 5 a Wl LT*<DfBlzfSt& 1 0 
atfflSJS* tl*. mifi'JMS 4 CO — SB 4 a (DW-MtttXDn 

mmmmh-twrnoiW-^T-nr, ;*u:lp-cvd(iow P res 

sure chemical vapor deposition)!!!^ J: oT550°C)b N 
S750°C<7)iggTv' : E;U77'7.-> , J=l>(a-S i )H6 
^W^(12(h))o 750°CWTT7'X-;l/^ 

<b L.THiiW*-> Y^U&R^-t^c: tlctory- 
r-*&*ifg<h v 'J =3 >@tS05W® J: 'J ±7? -$±&z>tc 
KV-X/KU'T>^i2E8^fiJfi£-r^(ll 

2(i))„ 



[0 0 4 2] M(C^lCfSCT^-r-«fiS3±-¥'m2« 
1IJ1 5 ±CDX * -> -V 6 &l^TffJf36l5rtifc 
Z^UyyXS/yziyjfCDly^;/-?^-?., T^/UX 
?X->'J 3yjf CD^JgJ?#100nmCOl§^ 0J;U*'y y 
& (49K) : mm (70K) : 3S£7K=1 : 80 : 1 20CQ X y * > h T 5# 
X y > ?T 2> d <k It J: o TX fcf £ * -> V Jl/JSKM LTt^ 
7** ;UX 7 X -> 'J □ V € £ X fcf* * 5/ + J l/KEg L tc 
Jg B B B ->'J=l>B^LT^T^*T*^(lil2 (j))„ y 
- h ««1±C7) a - S i M 6 CD — nBlt±:l3I^THl 2 ( j ) 

[0043] in 3 n^m 5 tc^-r^mwpfesAv 

Wt (S i 3N4) 9 ^Jt«* ^ (0 3 (a) ) . X^? lc <t ^5^73 
ttx y > ^'IC <t T -> U =1 >B< bE t V— h ^Si 3 ^ 
tDIL«3 (b)). hTO3t5J:c>S^a^^b 
LT > U =1 >M<bE 4 L/i:^ (HI 3 (c) ) , -> 'J =1 

>^bE5^1ft^-t+(l2l3(d)), y*7X^lC<fc^S73 
ttx y > J; o T-> U =1 >M<bE : &})Di"r « (H 4 
(e) ) 0 -> U =1 >S«±co V — X/ >«« 8 to 
-> y a >|$<bE 4 1 ^ y y K (DHF) SjSC: a 1 T x y * 
Vy"U a-S i J16^Jta^-y-fcS(EI4(f)), 
Xt^^-yvyUfiESS-^dilc^oTy- r-®H±* 
xe^^->^;H5Em*-ar^ct%< v-x/ KU-f 
laE 8 <D9> v"J =1 > x b*2 ^ yUmSS^JKBE* -S^) £ 
<b6>T^^(HI4(g))„ fcffU ^- h-m^3ti->'; 3 
><!:-> U-tf-r* KS/cti^SA^e^^^ilEt, L< li^M 
T'SoTttl^LV J-XT. y-r-S8l5±liXt'^* 

-> -v ;i/mm-r *>\ x t;* +-> -v >i,mm lj& 

[0044] a-SiI6 £if a* -yr^^SliUHV-CVD 
(ultra high vacuum chemical vapor deposit ion) 
T i ta<. C0)ii^^#i6T. xfcfS*v'-t';H5£#<D« 

ffi^J-aT(i??7iLT^T i t.at\ a-S ijf 6 

CDitmBtlC/hXy-rXPHs). 7'yl/-»(AsH3). v*;^ 
> (B 2 H 6 ) ^ i:CT)»ffi^T^=&^tJtfX^|s]P$lC3it-r C 

iictoT. mmm^mmp. As^fci*B^£)^# 
iBa-s i mifz.ti^mmm^mn^foT^m^ 

[0 0 4 5] Igyyit^jSlcfc^xy^yyiim 
fflco^y&lC.fcStcDTfc^TtfiK.. ^XT^ffl^ 
fcSTattXy^y^ <5U^.«'RIE, TSoTtau„ £ 

fc. cco[iifflxtf^+-yv;i/j536mic<fc-pTfi5P£i-nrcx 

m2ffliMS5COP^lCliSPgli??SLfe^ (B4(g), D1 
0(b)£0??^1 0 b#?B) . 

[0046] a-s i mmmmtw^m^m 4(h)) ic 

5 ( i )~( I )55:i:a)SBtgitA , :pItgT^^< > ID 5 ( i Hi 
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mmm 6 <dtjkd*# x tr* + ;1/ses^ 8 1 & y , 

±Jf (CT^/I/? 7 X-> y =1 > 6 tfJSStLT^&JfcSS^if; 
"To 05 (j)tex£$*->*;l/J&Rlg8<D— g|5li»S81 

^TfiKfi LTt^«)6tt«q%r. in 5 (tfimrnm 5 

* v LfcfSisiwpjij; y «bj5t^as*sr. 
ei 5 ( i ) imm* T'i tr * * ivmm Lrcmmnmrn 

Suiay- h*e^St*Si0 2 s SiON^&iSlj&SttlST-tBi 

^*^->y zi>mtm& ysL^^xtf-sj+->-v;umg^ 

-> a - h ^fluffed* tl5fti6If L<v it ic~> y □ 
<tK©i§£liDHF lc ^'JlJg -> 'J =1 SW.it 

fl?J5&>£;b\ H«x +-> * jUSATfitt < Mfflx fcf* 
*->*jUJ#^lc<fc*t>©T&3;i:<i:J-)«'k l?l«ODSjtI 
§T'*5. 0T^li01&tf2<h|i]Ct>©li[5]i:?3^T- 
^LTS^5o fc/cU £©5IJ&#JT\ mt§xfcf$*v + 
/l/«*fc<fc*» xe^+->^;bfiKS«^(ct*7 7'-fe-> h 
tfffJj^tiTfc'Js ffilWBJI. *2fllSJl« xfc:**v 
v;UJ5EMM©P^lc^1 0 b^fiT* (06(a) )„ m 

2 ffiijMs«i©mfflx lu&atmnt ltu, 
mmm(ommizfoCTm6 o>k 06 (ck i6(d)^' 

tBJfg-rifc *o 0 6 (b) Jill 2 ffliJMJf 5(cSL^b7 
z-tr-v h^ur'Kxt^^-y-wlw&RJis atffKflWr 

n^m«*m-r 0 in 6 (c) tisg 2 fflijse 5 micm 

677ty h*^US^exfcf->+->+;l/fiEfi^8 btf 

mf&inwmzTnTo 0 e (<o \tmmm 5 icjg-r s c t 

%<I^*-> + ;l/J&lJf 8 c^JfJ^S-nTt^ffS^ 

[0 0 4 7] SHI 0 bl*y- UltlK-f'^ K 
V-X/ K U-f >IB«ttM U SH 1 0 b fl«ffiK«*7» 

(X3(7DHfis«ij) monmmit'm 1 ©ussetjictett^x 

•y * V ^"icfc^T. £2ffiH» <!: -> y 3 VS4flB<Olll1fi 

Ms<o-a?4 b^x-v^v^n-ric^soT^^ctJ-a 
ft. &-\<Dnmmt\B\m<Dmmi:mT\ 07 (a) ~ 

(c) icijvto fcfc. ?3*ttt0iRtf2<hl5]i;t©t;J:|5] 

(m4©nfifi«ij) &4<Dmmmz®8T~ffl>n-rz>« m© 

^0"J^fc^^X>y^>^Xig (02 (g) ) lCfct> 
T, Sg2ffliJItJf 5 t > 'J =l Vlffi 1 ©m©£imSJBtt& 
4d6^Tiyf>^tl> glcm2fflMJf 5 ty- h 
3 MtDSIfiHSIBffiitt©— SB 4 c X ^ tl 



?y Ky-X/KU-r>^8)b^©»^|gP»4 c 
teg LTS«<tm 2 fl)S«Raa>nRI»c^f tlTt^. 
£ ©11^01 irlWJ Utroiil^l Uff?fLT$5„ 

<DHBS^JlCfc^^X-y^V7"Xig (02 (g) ) ICfc^ 
Tv m2{PJj^H 5t->')3 >Sffi 1 <7)P^«DM1f IBJIfRtt 
tffTl7f>^Jn> Mlcm2fiJlig<ty- h VSIB 

©aiffliHJBaisia>— SP4 c tfnv fvwnTi^c 

g|5»4clcS|«1 ObtffB^n^ 03<h|W)L: 

(m 6 ©nfig^ij) 0 1 o izmrm 6 (ommmit. •m 1 © 

^Jlcfcnt^.X2#JMJlT©XHIiSJl$T©x -7^>^'M 
x UK M2«JSJlSfl5 5at->ij3 >S«5 t«10a 

<Dmmj5fa$m&y, xe^*->^;n5g^ffi8©->y=i 
v«st»-ratiiBfjcfci**ffl«iiffip©ft«* e <h Lfc 

x>y / tan© • • • (1 ) 

fc?»o ddlcft* xl*y-hi^S2cD4S2 afrbf2 

[0 0 4 8] 01 0(a)li^1(7)|gS6fli<JtcS>ffS 

LTfcy. S1iiJMM4<D-gP4a li<|iM^4©ftegP»<!: 
CJfT*-^^ LTl^o X2ffiiJM® 5 TWDHFIC J: y X 

^>^*nfe*2fflfi*Ji«»5 a t->U=iy»Si:(DP^I^ 
lOatfa-Sil (HfcSaST-SSIISiJf 8lc#;5) v>m 

tlx t"^ ;l/fi)cmic<fc o T?E35*tT.fctj©*^ LT 

0 1 o (b) i*m 2 <Dm&mfc*ii& LTVsnmm 5 

T©DHF[c«fcyxy^>^*titeJB2flBHJi4«5 a t->'J 
3>lfii©MBi 0a*»^ffixtf^*->^;l/^^«fe 
oT3fE«5-nTt^^.t,WCD, SHI Ob^fSLTt^t 

[0 0 4 9] 01 0 (cH*3l3 4)H]SS#J(CttJ£LT33 

y , mmynji 4 <d— a? 4 b ^(boms 4 ©ftesu j; y ti 
^ttas-ea* <fc 3 icm2<iijMJi 5 twdhfic «fc y x ? > 

^tlTt^o S2flljSJI«B5 a t-> 'J n>S«t<DP^ 
HlOaft^a-SiJl (^«aS71SB B BSi® : 8) <D@ffl 

xe^*->-v;ufiEfiic<toT?E^*nTfcy. 01 0 

(a) tltJtT&ZtlZmi- (x) 6^S%^^J^^Lfct 

[0 0 5 0] 01 0 (d)(im4©HBg^JlC7^J5LTSl 
ffiiJMH 4 ©-gp 4 c UffllJSJH 4 ©togflttJ; y tSJlAW 
< * *U Sl2ffliJMJl 5 TWDHFIC <CJl7fV *lfc« 
lsE6>a-S i @O)0«xt:^*v"V;Ufi)tfilcJ;oT?E^ 
X*-*lT^?,t,<D©, 01 0 (a) StF (c) «ht*3f£3l7*- 
tl&ft;*- (x) ^S^SffJ^LfctroT'^-S. -r^fe 

■5^x5-^*<-r^/c4i)ic, sfc niiiwi; 
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K2«§MN=B3:ftfclSa»#*H»1 o at§m&v*>* 
-/■\-X.y?TZ> 0 C©lS®5NC*Efc;!:ft*XU's:--T- 
•>K«ffl<0BW[ (StfuE£*tLTSiS«lRia>nK) im 

rssm i o a * y < **. 

[0 0 5 1] HI 0 (e)[im5©H»«fc»JSLTSS1*8 
MS 4 CD-SP4 c liffliJMJl 4 <DffenB5*<£ »J t»BWtfW < 
*ft. m2fliJMJI 5T«7)DHFlc<fc U x??>?£ftfcfMf. 
tffllfflx tf £ +5/ * il/J&ft <fe o TftiS^ftTC^ t <D 
C, 110 (a) Rtf (c) ttt^E3l*tl*fi* (x) 
&Hft:*K ABte*jillft«fliTa3U. £P&10bt???£L 

[0 0 5 2] td5T\ HI OKtet/'T. x, y. dlt 

^n^ftHtptf^LfciiyTSs. dcT\ etimffix 

0<6<7T • • • (2) 

n/2 < d <n - • • (3) 
<hfe y. CCDtg^- 

tan0< 0 • • • (4) 

[0 0 5 3] fete. HI OlCtel^T. B1J!>SH6<fclII 

#S5?#«H« 1 1 H±STH»J±lfTU>*C£*r«HK 
tn(Bl 1 (a)). *«W#t**«W^it3l-3slj»fc 

«tu 1 1 tatt««i a ©«ifi*ffl«to«t: 

5fe<nio>;:&ftfrS*IW-fci§£x l#ic<;ioo>;^riRj'viRiW-fc 

<t^55EQl,^ffc. 100nm©a-S i Jf£680 <> C~700 <> C 
<DRTA(rapid thermal anneal)£60ifc!>lif75 £ £lc<fco 
T {1 10} 7 7 -fe •> r- mZBfS, Lfetf 5 1 50nm~200nntfl 

g. 1 i±*«*iRiicBfflaft*--e-*ct 

[0 0 5 4] ^7alR]^WXtf-?*v'i'yUfi!6Sffl ; & t, fig 

1 <t->ya>*«affli:fl!)ja-rft**v> a -shot 
*s£L1tM6s HSKli 
t >s/t a n<p • • • (5) 

T'a&^&tffilWHl 1 (b))„ #ftJ5£0lJ£>l§^. (100}g 
ffi*fflt"Ttey> a-S i E<B|gJ?te100nmT*35y. 7 
?tyh ffitf {110} i0?a3«O7NRTiMMIsf±««« 

«t y-X««*fc(i KU-<>«ttflMMILh©xfc?$r* 

-> * /mm* -> y n -r KsarosT i &0i<d y — ? 

■P*. **»Hfctel^TttC«)ftfl:*»fcLTC''*. fe 
te. mi 1 Ktei^THi. 2«hlH]L:^lil5|L: i tco ; &S 



To 

ft***, x£**>'*/Uj&gH8£mj$&. ->uavl 

tx *-> * ji/j$s3"e* citccfeo rmms-ftfcJi 

^. ^W«J*Hjg|BJM±lCdA,T^*<0T«ftjiWT«3 
*. y-hHfrSxfc^+S/vjUH^TOHHCHI 2 
(a)OY j )ff20nm«Tt Lfc*§"&. *HBSeUTtt. 7*X 
— /14*. flJ*.l*RTA(rapid thermal annea I ) JSST800 

°c. \mmsffiozLii\,TL&-2T. y-h«*D^«*a§i 

A«1E18(/a^)aSTSttMia!* j tY j 4|SHigHC»t\ 

ttafflaaott* * wa**ai*jr **atwi*»*r * 

ZttfTS-S. £fc. fflUBJB^aiwiewicitSUTXfcf 
£ * -> v /U»&lfijSBCT$»JbV * vaAsnsiSA^ 
ttiO£ftTl/'*i§^ i t>§t» i fc<Z><!:r*o fete. 11 2\z 
te^Tt. IK 2&|BJi:^a>tt|8]Cf9«>-PQ\U HI 
2©1 1 «*?#«««?»*. 
(H9<DHfig» HI 3lCtel^T. fl9<DiiS&9n±. -f 
*>5iAlCcfcoTffilJJi1 4ZmflL?ZZL£Z:ftWi£? 

*> sr. y-hm^3^-jjpx^. y-uMMMLi: 

L. 7 , x-^r^C<hlc<fc^TX^X5 l >->3>^1 

3*jgfiEr*(Hi 3(a)). &mmm~mnm 

Htt8*JBJ5EU 'T^>;±Alc^oTx^7.x>->3> 

fiusE 1 3 j; y t-> y zi >sts 1 ^ohimmi'vEiTMM 

SiAU rx-;urs CtH:«toTDeepffi:»^JgEl 4 
*JB«r*(H1 3(b)). C©<fc3tcLTJBfi8*ft/£tt 

H13C0ii^t,. H1. 2t|p|i;t©ltHi:??fTf» 
L. HI 34>IW1 1 U]R?0Htm&5%r. 
(mi OWSISg^J) H1 4TBH«J:3IE» 110© 
USSffiJli. x U^-x -y KHsl 8 W>fe < 1 1— 
'J-t-fRkl 5r^CtlCcfcoTffitSS^(6«3n<bLT 
t"*Ct*1f«tr*. *rHl<O*HH~*9 0!)*M 

««8*»fltr*(Hl 4(a)). ^ICry+f'T KTHIC 
i'Jil/^-T^ KH«80— H^s/y-y-f Rbr*. 
Wlcy-hHH±T?tpoly>y 3Vfl5j5EfiLTt"*H 

^. y- h^«iSHt-> y tf-r Kfbi s*ft. y-ht 

<Sffifit<b* ft^ (H 1 4(b)). C<DH1 4lctel^T*.. 

hi. 2t\su;nms.mc*><D*m?o 

(11 KOHHH) HI 5T'IH^r*«fe-5lC. 11 105 

nsfi«iji*. n o©safi«tB«Tfe*3fii«x 
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nmm ^ tmm. 01 ( a ) ~ ( f )T.mT*onsm 5 
iiostmi a±*isttfca-3T4MKwai 

lC->'jaVlMb®««<0xyf->^(H1 5(a)). xt° 
^*->-v;Um«8^tT?(EI1 5(b))o CCD01 5lcfc 

(11 2£DHfl6flJ) 11 6-?m.W-?2>£?lZ. S1 2 CD 

CDgIS±7Jtc&^TCD^ HiJIBx tf* *)lsm®.(D'J> 

&< <k y-y--r Rbi 5 LTi^ci=&!tt?a<t 

"T&o 01 5 (b)0)<fc5lCXbl*-Si+->^jUfiE^iTo/i: 

->y+rY Ffli^geg^tticjfcj&LTi^o ;icd0 

(mi 3CDgfe&g0«) 11 3CD^S6^J5-lil1 7lC,Tx-To * 

(HI 7 (a) ) , xU'NC-^-y KV-A/KU-f 
>«a 8 ±©l2ffl|gJB 5 £x >y >^"P£35 Lfc& (0 
17 (b) ) . tmaZi'OV'f F<b1 5 LTl^c:<b 
(HI 7(c)). (Slfiffifii Tfei'V'J't'l'K 
ffi^^^^^ifi^cox^X^Vi/aV^^cOffliJilil^ 

flrfT*lTV>*. #^lcj£CTl2fiWiIJi:&X'y^>y 

•fKJDiICDY^->5tA^>mfflt£i5lC«fcoTX-?X7 L > 
->3Vf^7»MA?nTt.gl\ 11 7(a)te 
y- h ±lc -> y □ >g*bK (S i 3N4) & <bcDx * -> * 
i^mmmm 1 7#25£ii^£^L/c#;rcDji 1 7i*# 

fLt»!t;'gT-ti4l\ -> 'J =1 VfifbB (S i 3N4) M ( 5 fc J: 
D* 1 7 ) fct*75>Cv*fli Wfc Jfc&ttl y ^ 

vyu:<fcoT01 9(b)(D£?lc|?fc£L7c&. ->y+r-< 

F/ei 5^H?fiK-r^o z\<z>$mmi scDUi^t. 

(HI 4cT)HSgfiSiJ) 018 (a) #6 (c) TWRtZ> 
11 4C0HSgffiJti, 11 3 0>£ffi0!l£l3tt?S 
IU^-T7 KV-A/FU-f >SiisS8£ffJ)5£ 
->y-«*-r Rt1 5U lU^-fyKV-X/KU 
-f >flBgE 8 ±CDl2ffliJitii 5 £x -y ^ > -7* LTl^ Z. t 

«L ®J)Diic7)-l'^-V>iA-¥>mfflftutilc < l;oTx-5'7.7 1 > 
^-T-y KV-X^lsESfclixb^-^.y 

vy-t-< kk*x?a7 i > 

FBiJlCOJlt^gET-V'J+r'r Rb-T^C <t"C;- 
«?±cd-> 'J +r-T Rblc*f LT7"o -fe A±£*8£#fc1±3 

(11 SCOHfiSW 01 9TL^-r^.J:3lC. 11 5 CD 



StJEiMfcfc. micDHasfitJ~H 4CD§U5S0>J<bl5|flU;:iy)g 
TlTtl^o ^flJliXL^-^-y KV— A/KU-fVfiWS© 

01 9(a)cD e fe3(c^^siti i^wrs->y^>s«5 

1 KnMOS, pMOS<b*»lC<lMJf 5$T'ffJl5£U 0 1 9 (b) 
CDctdlc^iJ^A^ 2 0T'I5o *HJg^JlCfc^T(± 
^A*ttcbLT->y=l>g<bJ3S i t>m\ pMOSHisE^A 
^T^if^Ko^TLWT^o ^fc. nMOSCDXb^-x 
•y FV-A/ KU'rv^a^tulBLfcTsJiTx^^v^ 
U Xtf^*->-^>UE)6mJ18 n?Mt5 (019 

(c) ) . %icnMosfiRtt«H{bU ->yu>^bm2i 

^ItaLT^A^Lfc^ pMOSCDxU-AC-^.y KV-X 
/ KU"f >^8E8 p £ t OpMOSSBisE^flJ J&T £(019 

(d) ) . imsmsmmtM&tii&rz (01 9 

(e) ) o nMOSttpMOS^ffMt^^ xfc:£*v-WH£ 
^CDSg|3i:^:^->y Z1>»SV-X/ Kb-C >$USE±CD 
t£<b]lcDx-y^>y«. x jmiff. 1^- 
^•y KV-X/KK>±CD^S$fc(*^S->'J+r< K 
CDffi^^: i: £ nMOS. pMOS cb T'S6 o tc tCD i: "T -5 ZL £ fi 5 

nMOS. pMOS^Is)— RJttlcLfc^cbJt^TCMOSCD 
e3aeftH£)9 < f « C <b ?.o **fig<9J-c?tinM 

-r^.ii^t^t.-tcDt-r^o 

(11 6CDHSSW 11 6CDHJg«tJ^02 OlC^fo 1 

icd^b6^j~ii 5(onmffltmmimmztiz„ 

T.^CDy-h^fiKLT^^Ccb^^.b-r^o tXT. 
y- hmfii±li:v"J=l>B'fb^(Si3N4) 1 7CD+V>y 
tf???£T£«£Klfc^Tta0,8T£= 1 1 CDHJSI5IJCD0 1 
(a)~02 ( j JCDcfc-picLTxU^-x-y KV-A/K 
U-f 8 *f?mk-> tztc U 1 1 CDHSS0IJCD0 1 
( a ) CDIflKfcl^Ts ^b b b-> 'J Zl >CDy- h- MM 3 ± 
CD (S13N4) 17^*-V>^tbLT5iLTfcS-v 02 

(h) I^T*-V'>X±lv:JfJfi!65-n-S7' : E^77'A->'J 
3>5l7f>«iL(l2 0(a)), ^CD— g|J^->y 
+r-T K<kLT->'J-tr-< KS1 5 (0 2 0 (b))iU JlPaWfe 
Stflil 8 ^ItW^ CMP(chemical mechanical polishin 
g) & cbT'^* -7 T°& 2> f- h m«B 3 ±CD-> >J =J >g^b^ 
±SST'fS1bt5(i2 0 (c))„ 

[0055] mmmmmmzj: y -> >j □ >^<b^i 7 

^(^fSLfcS. CDE (chemical dry etch ing) let y<r- 

h^fii 3 (#g B B a -> u a » *»*-r ^ 12 0(d)). y 

- r-^K(Si02)fc<i:cJ : l1ffiiJii)l (^-f^- Jf^t?) 4 

7 -y m (DHF) T^2i L (0 2 0 (e) ) » miE^'Jzi >« 
*5^Siii*-ti-^c. *(c->yav»«fa«fe«fcU t ib'C- 
x-y KfiiaE^fe^^li^cD^t^^T^b-r^feN 

s/cntsast^j^i^b^v^yk mc=f-*>. mtn 

7-01±%:mffiH*2>Z£lZ£iZ<f-t-m§im-\ 9* 



(11) 



2 0 0 2 - 2 3 1 9 4 2 



mmTz(m2 o (0) o n^ic^o-ni^bn ££o>w 
EJf^ffMLTt&lA, y- Y-tmtk&mw^vxT 
>tTzt* 5fSR6±M2 o t LTrnxifmitJ-fy* 
mmmtrfk. m$mizf><fx : r->*mmL. cmp& 

t' TW-mitt Z> Z. t T\ y- h * > ^Xr V^fii 3 a* 
;ItcS«>&t>(i]2 0(g)) <> 

[0 0 5 6] fcUiiaB^LfcllSSWcfcL^ ^©SBis 
iI^h7V^X$JKJ$iaK$E?o -3$'J, J1F^S6.# 
®££SKit«;*-ti\ y- hav^f h*-;urj/\°*- 

««y - - >yuzj: y bi>'X h KfE:? U x •> ^ >y 
\Z J: y 7*;U 5 £P$£"r * C i: let y f- V WAH^A* 
Z>„ ±5£Lfcy^-»y-h h-5Vv>X$<Diyjg75>££ 
^rmi 6CDH^JlC<ttl«\ V-X- KU-O-ftV 
<D>±A&Uv 7 --;k SiXfc?**->*;l/»&SS?<*>7 0 0 

e©'^*, tte-£5 0 0°CW-t<Z>;§i£Ii|§l*, i&^t* 
ft&l,\> ftoT. i^SiaT^ttro^btfgc*. TiO 
2. Ta205, BST»Ojm»W*«*y- H6*B£ LTffl 

[0057] *%b^±. ±.tmmmicmfe2nz>*><D-? 

t>\ x •;/?■/ W T&m&TZ: 2> = X. y- hSBttlcfil 
LTli, CMPT^Sfb^Ttotnc/^-xvytx-y?- 

> y k <£ y y- h mfis^mm lt t j: i>„ y- h mm 
T$><Dmc. mwyf^TS. gfb^v-swuTtJ: 

-V'JziXDlf^li, KJfc5&ltH£#M<h L&IA, y-h 

mmmiz. mtzzsZMzmz-rmmmcom^&mmT 
fcnt#*t\ x> $r5-y-h*»£u-cPRic> y-h 
tutst (/W7? MfcR) a l ic -< * >-;iat £ d <h TJB 

BrWft L*tHMW*ff 5 CttT'f^. 
[0 0 5 8] ^CDffe. *#&H<D£B«;&IKL&l*&H 

[0 0 5 9] 

^•y Kv-X/ KU-r>«jt**r**»f*«Mfc«fcl/ 

*»i^-x'; KV— X/KU-OflKSfclrrs 
<fel/^0)^jl^>£lc«tn^ y- h <b v-X$fc(i Kb 



-r>p^roy-^^fti*jT'*v *+*jnc*rr*y- h© 
[EHroemsuiBS] 

[0 1 ] *&W<Dm 1 ©*Kfll*BWlT*fca&©B?* 
JIW>WI6J:tf5"J uvSffi^y- f-*6^MW®«fc 
yBH±£ti:»5±tf ofciU*-^';/ KV-X/ Kb 

(a) ~ (f) s^riiRia 

[B2] *«^©JB 1 ©*ttffil*Bttir*fc»©B"P, 

MAflHUifi <ctf 5/ y n >sfit y- htmmwm & 

(g) ~ (j) SSriSBrffiH. 

oh?. -> y 3 >»« t y- h nmmnm * y sib±* 

IdS-^tfofcXU^-^-y KV-X/ Kb-f 
*(DM&J5 : £<DJ:m (a) ~ (d) ^Stlgffiii. 

[04] i <osias«ij©afB«i*Bwr*fe«& 

comT\ ->y 3>wst y- h^st^sffij; yii±s 

U:#-5±#^fcxU'<-7 1 v Kv-X/ KU'f VfMEtf 
^©Sit^^Oia (e) ~ (h) ^tlSHrSH. 

[B5] *5§^om 1 nxnmaxB&Miwmtzttib 

©1T\ ->y=i>Sffi<i:y-l-$feiiSSffiJ:ySil±7J 

KV-X/ KU-C Vflltt* 
Hffix t:°^ * -> -v ^UfiXS^ffl^TffJfiE* tlfc h ^ > i/'X 

^©iiijg^icct^^mfij ( i ) ~ ( i ) zmrwim 

Mo 

[B6] *^©H)5S<5>j2^i^-r^/c»©iiT\ ->y 

n>S«6ty- ^Sfe^H#®J:yeil±^tc}f6±6^ 

[H7] *^(D*iffiffij3^ittBB-r^/c»a)iiT\ ->y 
/ci^-f'j kv-x/ Ku-rv^^nfflxkr^* 

-> ;UfiXM^ffl^TffMT*-+l/i: h ^ > vX ^ (Dm&?5i£ 
[i8] *^C0H^j4«-lttB^-r^)fc46©lllT\ ->y 

m^-T7 Kv-x/Kb-rvwatfH 
fflx tf-? * -> ^ ;ufi£m^fflt>Tn?j5Ki*-n/c h 5 > v^x-s? 
cD^^^^^-riatKsiio 

[0 9] *^<DHffi<5lj5^l5iB^-r?)/i:A6a)BT\ v'J 

KV-X/ KU-<>?i^m*ixt:°^* 
-V^^^6* : &ffl^TJKfiK*tirch ; 7>v ? X-5'a)Sit^5£ 
%^-TiaBrffiBo 

[@1 0] *^<rj^)5g^J6^lftB^T^fc<S6<rj|a o 



(12) 



&m 2002-231 942 



Ho 

[01 7] *5gB^(DHS6fitj 1 z*wm?z>tc&>v>mT\ 

[si si *&w<Dmmm i 4zmw?z>rc»<DmT\ 
f^immm ftjL-y*>7znz>zt *avr iskbbb. 

[119] *^<DHSS^J1 5 £I5iBS-t£fc:«><Z)0T\ 
11/^-77 KV-7./FU-<>ffJtttfnM0S, pMOS^T 5 

[112 0] *^(D^Jfe^J1 6£ltt8.S-t£*:46<7)0T\ 

[^©tans] 

1 

2 : y- m&mm 

3 : 7- hSS 
4:11 <ffli£Jl 
5 : Jg2<I§iJf 

8 : y-XflttS/FU-f >«« 
10a: P£F% 
1 0 b : 

1 1 : ^?»St^SE 



[HI] [12] 




[si i] *mw<Dmmm7*m.w?ztc&<D®T\ m 

3 d <!: 33 J;LF^-£D<II7d IrIX > ;UfiEM Ltc&U 

[01 2] *^©HBg<5U8^|{iB^-r^fc«)<DlllT\ ¥ 
- biSifr ■=> x y ^y ^fiiB* TWSiltYj fc J:t«t«»a* 

,T»f0o 

[01 4] 1 0*8M!t*fe»©B?» 

y-x««ES/-ctt Kb^yf^isEic-y 'j+t-r K^trms 

5! h 5 y <DSifi75^^m-rXig»Tffi0„ 

[01 5] *3PJ?4)§IB&#J 1 1 ^UJBBf ^fc«.©0T\ 
tK Kr>*— ybcD-aJft^^fUM^Lblc^SLxb^ 

— 7" 'if Ky-x/'KU'ry^^^-r^Missh^y-y 

[01 6] *5§IE©5lfiS0>J 1 2^1KB^-r^fc»O)0T\ 
^WT^MISS K^y-y7.-S«CD^jt75;£=£/Tx-riSBT® 
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[II 1] [11 2] [H1 3] 
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(c) 



17 18 





F£-Zx(##) 5F048 AA01 AC03 BA01 BB05 BB08 
BC01 BC11 BC16 BG14 
5F052 GC03 JA01 KA05 
5F140 AA21 AA24 AB03 BA01 BC06 
BD06 BD07 BD09 BD11 BD12 
BD13 BD15 BD17 BF01 BF04 
BF10 BF11 BF17 BG09 BG12 
BG14 BG28 BG30 BG34 BG36 
BG38 BG40 BG49 BG52 BH06 
BH14 BJ01 BJ08 BK13 BK16 
BK17 BK18 BK20 BK34 CB04 
CE07 CF04 



